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1. Introduction

Behget's disease (BD) is a multisystem inflammatory disease with unknown etiology [1]. It
may affect vascular, gastrointestinal, neurologic, articular, pulmonary, cardiac, and urogenital
systems [1, 2].

2. History

The disease was first described by a Turkish dermatologist, Hulusi Behget, in 1937 as a
triple symptom complex; aphthous stomatitis, genital ulcers, and relapsing uveitis [2].
Hulusi Behget was born in 1889 in Istanbul/Turkey. In 1910, he became a medical doctor,
and in 1914, he received a dermatologist title. In 1933, he became a professor of dermatology
and venereal diseases. Hulusi Behget is the first academician with a titled professor in the
history of Turkish academy. Hulusi Behget observed aphthous symptoms in the mouth and
genital area and several findings in the eye in his three patients whom he followed 21, 7 and
3 years. He believed that this was a new disease. In 1937, he reported his observations in
“DermatologischeWochenschrift” and then he presented his patients in a dermatology meeting
in Paris. In later times, same cases were reported from various regions of the world. In 1947,
the new disease was named as “Morbus Behget” in International Congress of Geneva [3].

3. Epidemiology

BD has a worldwide distribution. But it is commonly observed in the Silk Road countries
between the Mediterranean Sea, including such countries Spain, Portugal, Turkey, Iran, and
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Far East countries like China and Japan [4, 5]. The disease is most common in Turkey with the
prevalence of 20-602 per 100.000 [6, 7]. It develops at any age, but it most appears between
the second and fourth decade of life [8]. BD patients with early onset may have the more
severe disease [9]. BD is uncommon in children. Patients with initial symptoms at age 16 years
or younger are classified as juvenile-onset BD. The prevalence of juvenile BD is unknown. But
in few series, it is reported between 3, 3 and 26% of BD patients were before age of 16 years
[10]. BD affects the both gender equally [11]. The disease is more severe among male patients,
and vascular disease is the major risk factor of death in male patients. It is shown that vascular
disease, folliculitis, papulopustular skin lesions, positive pathergy test, and ocular disease are
more common in men while erythema nodosum, genital ulcers, and joint involvement are
more common among women [12, 13].

4. Etiology

Although several immunological abnormalities have been demonstrated, the real etiologic
mechanism of the disease is unclear.

4.1. Infectious agents

The most probablehypothesis is that in genetically predisposed individuals some infectious
agents such as Herpes simplex virus (HSV)-1, Streptococcus sangiuinis (S. sanguinis) or some
autoantigens such as heat shock proteins (HSP) trigger the autoinflammatory reactions [1].
BD has aspects of both autoimmune disease and auto inflammatory disease. The autoim-
munity indicators are the effectiveness of classical immunosuppressives such as azathioprine
and cyclosporine, and the suggested role of the candidate autoantigen, human heat-shock
protein 60 (HSP60). Also, the lack of significant high-titer autoantibodies or antigen-specific
T-cells, strong involvement of major histocompatibility complex (MHC) class I molecules,
clinical episodes of unprovoked recurrent inflammation, mainly caused by neutrophils, and
the therapeutic effectiveness of colchicine, are signs of autoinflammation [14].

Infection agents have an important role in the pathogenesis of BD. Several investigations have
shown the association between HSV and BD. But, in some studies, this association could not
detected [1, 15, 16]. Therefore, the role of HSV at the etiopathogenesis of BD is not clear.

Several potential bacteria have been investigated but the most commonly implicated micro-
organism is S. sanguinus [17]. It was found that Bes-1 gene and HSP-65 derived from oral
S. sanguinis, are supposed to play important roles as an extrinsic factor in BD pathogenesis.
The peptides of the Bes-1 gene are highly homologous with the retinal protein Brn3b, and
moreover, the Bes-1 peptides were homologous with HSP-65 derived from microorganisms
in association with the counterpart human HSP-60, which appeared reactively in the BD
patients. Some homologous peptides of HSP-65 were found to reduce IL-8, IL-12, and TNF-
alpha in active BD patients [18]. Also, it is shown that S. sanguinis antigens increase IFN-y and
IL-6 secretion from the peripheral blood cell T cell of BD patients [19].
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From another report, it was detected that Streptococcus mutans (S. mutans) colonization rate
was significantly higher in BD. S. mutans presence in saliva was associated with oral ulcers,
and it was associated with severe disease course than milder disease [20].

Heat shock protein (HSP) functions as an intracellular chaperonin of other proteins and sig-
nificant sequence homology is found between mammalian HSP and microbial HSP HSP60/65
was thought to be a major cause of the skewed immune responses in patients with BD because
of the molecular mimicry between human HSP and microbial HSP. HSP60 regulates Th1 cell
differentiation through multiple immunologic pathways [21].

Gut microbiota compositional alteration may have an association with immune dysfunction
in patients with BD. Direct comparison of the relative abundance of bacterial taxa demon-
strated that the genera Bifidobacterium and Eggerthella increased significantly and the genera
Megamonas and Prevotella decreased significantly in BD patients compared with normal indi-
viduals. The authors suggested that the compositional changes of gut microbes may be one
type of dysbiosis (unfavorable microbiota alteration) in patients with BD. The dysbiosis may
have an association with the pathophysiology of BD [22].

4.2. Genetic factors

Genetic factors play important roles in the pathogenesis of BD. Multiple studies have demon-
strated that BD is strongly associated with the presence of human leukocyte antigen (HLA)-B5
and its split antigen HLA-B51 [11, 23]. The association with HLA-B5 was first described by
Ohno et al. in 1973. Several studies confirmed the HLA-B51 association with BD and HLA-B51
is the strongest known genetic factor for BD [1]. The MHC region on chromosome 6p21 con-
tains HLA and other essential genes in the immune response [14]. A meta-analysis based on
72 studies in 74 study populations revealed the moderate association of HLA-B5/-B*51 with
male gender, the high prevalence of eye involvement, skin involvement, and genital ulcers,
and low prevalence of gastrointestinal involvement [24]. Some of the other susceptible genes
associated with BD are IL10, IL23R-IL12RB2, STAT4, TNFAIP3, CCR1-CCR3, KLRC4, FUT2,
IL12A, IL23R, TLR4, MEFV, and NOD2. The genes identified are involved in both innate and
adaptive immunity and support the idea that polarization in Th1/Th17 pathway plays a critical
role in BD pathogenesis [14].

5. Clinical manifestations

5.1. Mucocutaneous findings
5.1.1. Oral aphthosis (ulceration)

Oral ulceration is the most detected symptom that seen over 97% of the patients. It is a pain-
ful, recurrent, round, and oval ulceration with well-defined borders and central yellowish
pseudomembrane. An erythematous halo surrounds the ulcers. The most common sites are
mucous membranes of the lips, buccal mucosa, tongue, and soft palate. They can be classified
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as minor, major or herpetiform on the basis of ulcer size and number. Oral ulcer often
resolves spontaneously within 1-4 weeks. Local trauma can trigger new oral ulceration. At
the differential diagnosis of oral ulcers herpes simplex, erythema multiforme, fixed drug
eruption, MAGIC syndrome, Reiter’s syndrome, and Sweet’s syndrome, anemia due to a
deficiency of iron, vitamin B12 or folic acid, inflammatory bowel diseases, and systemic lupus
erythematosus must consider [1, 25, 26].

5.1.2. Genital ulcers

Genital ulcers can be seen 60-89% of the patients. Genital ulcers are similar in appearance
to oral ulcers. The scrotum is the most frequently involved site in males. Ulcers can also
be observed on the shaft and glans penis. In females, the ulcers most commonly occur on the
labia but the vaginal mucosa and rarely the cervix can also be affected. Vaginal ulcers often
cause a discharge. GU may occur in both sexes in the groin, perineal and perianal area. They
usually heal within 10-30 days and deep ulcers may lead scarring. Genital herpes simplex
infection, erythema multiforme, fixed drug eruption, sexually transmitted diseases such as
syphilis, chancroid, lymphogranuloma Venere um and HIV infection should be considered in
differential diagnosis [1, 25, 26].

5.1.3. Erythema nodosum like lesions

Erythema nodosum like lesions is mostly seen in females. They are characterized by painful
multiple subcutaneous nodules that vary in size and color. They are frequently seen at the
lower extremities but they can also be localized to the face, neck, forearms, and buttock. The
lesions resolve spontaneously within 2-3 weeks. The histopathological features of erythema
nodosum-like lesions are characterized by the presence of vasculitis or vascular reaction;
different from erythema nodosum secondary to other systemic causes. The presence of the
erythema nodosum like lesion may be an indicator of the mildness of Behget’s disease;
and the presence of histopathological evidence of severe vasculitis, especially phlebitis, in
erythema nodosum-like lesions may be an indicator of the involvement of the gastrointestinal
tract in Behget's disease [1, 26, 27].

5.1.4. Papulopustularlesions (PPL)

PPL are cutaneous, sterile, folliculitis — or acne-like lesions on an erythematous base which
appear as a papule and in the course of 24-48 h become a pustule. Trunk, buttocks, and the
lower limbs are the most common localizations. Differential diagnosis of PPL is difficult from
acne vulgaris. In a recent study;, it is suggested that in BD patients the inflammatory lesions
located on the face were less than those in the acne vulgaris. Inflammatory lesions such as fol-
liculitis on the legs were only seen, in the BD group. The papulopustular lesions of BD could
not be distinguished from AV by histology [1, 25, 28].

5.1.5. Superficial thrombophlebitis

Superficial thrombophlebitis is the most frequent type of venous involvement. The patients
usually present with erythematous, tender, subcutaneous nodules arranged in a linear fashion.
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The small vein can be palpated as a string-like hardening of the subcutaneous tissue with
reddening of the overlying skin. It is more common in males and frequently confused with
erythema nodosum like lesions. Superficial thrombophlebitis is often associated with other
forms of vascular disease in BD [1, 25].

5.1.6. Other cutaneous lesions

Extragenital ulcerations clinically resemble aphthous lesions of the disease. They are recur-
rent and usually heal with scarring. The lesions have been reported on various locations such
as the legs, axillae, breast, neck, interdigital skin of the foot, inguinal region, and neck.

Sweet syndrome like lesions are characterized by painful erythematous plaques and nod-
ules which usually localize to face, neck, and extremities. Other cutaneous vasculitic lesions
include pyodermagangrenosum-like, erythema multiforme-like lesions, palpable purpura,
subungual infarctions, hemorrhagic bullae, furuncles, and abscesses [1, 3, 25].

5.1.7. Skin pathergy test

Pathergy phenomenon is defined as a state of altered tissue reactivity that occurs in response
to minor trauma. A papule or a sterile pustule occurs 24-48 h after an intradermal injection
of the skin with a 20-gauge needle. The positivity rate of pathergy test in BD was found to
vary from country to country. It is most prevalent around the silk route, which extends from
the Far East to the Mediterranean Basin. Other diseases that can be seen positive pathergy
test are; pyodermagangrenosum, interferon alpha-treated chronic myeloid leukemia patients,
Sweet’s syndrome, eosinophilic pustular folliculitis, inflammatory bowel disease and healthy
individuals [26, 29].

5.2. Ocular manifestations

Ocular involvement is one of the most disabling complications of BD, causing loss of vision
that may progress to blindness if left untreated. The typical form of ocular involvement is a
relapsing and remitting panuveitis and retinal vasculitis. Uveitis occurs in approximately two-
thirds of BD patients. A single attack will usually heal spontaneously without a sequel. But
destructive and recurrent attacks, especially with the posterior segment and retina involve-
ment, may cause irreversible ocular structural changes and permanent damage in the sensory
retina, resulting in loss of vision [30, 31].

5.3. Vascular involvement

Vascular involvement in BD includes venous thrombosis, arterial occlusion, and pulmonary
artery and aortic aneurysm formation [32]. Lower extremity deep venous thrombosis is the
most common form of vascular involvement in BD [9]. Venous thrombosis may occur at any
site of the body and any size of vessels may be affected [26]. Inferior vena cava, superior
vena cava, and pulmonary artery are the other common involved vessels. Pulmonary artery
involvement, the most common form of arterial involvement, manifests as aneurysms and “in
situ” thrombosis. Pulmonary artery involvement and Budd-Chiari syndrome are the leading
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causes of increased mortality. In a vascular cluster, typically, several types of venous or arte-
rial vascular involvement may accumulate in the same individual. Vascular involvement is
more common and more severe among males [33].

5.4. Gastrointestinal involvement

Intestinal BD is characterized by ulcers on the gastrointestinal tract, usually at the ileocecal
region. Patients can present with abdominal pain, diarrhea, constipation or acute abdomen
due to perforation of an ulcer. To distinguish clinical symptoms of intestinal BD from inflam-
matory bowel disease may be difficult. Some colonoscopy and histopathological findings may
help for differentiating the two disease [9, 26].

5.5. Neurologic involvement

Neurobehcet disease is a rare complication of BD. But it is an important cause of morbidity
and mortality in BD. Little is known about this neuro-Behget because there are no confirmed
diagnostic criteria, and all the studies have a small number of patients. The prevalence
reported normally ranges between 5 and 15% and it is more frequent amongst men between
20 and 40 years old. The typical presentations include focal parenchymal lesions, vascular
thrombosis, arterial vasculitis, and aseptic meningoencephalitis [34].

5.6. Joint involvement

Joint manifestations are common in Behget’s disease. Most patients suffer from a nonerosive,
nondeforming oligoarthritis typically involving the knees, ankles, and wrists [35].

6. Diagnosis

There is not a universally accepted pathognomonic test for diagnosis of BD. The diagnose is
primarily based on clinical criteria and exclusion of alternative diagnosis [1]. Various criteria
have been used. The mostly used one is International Study Group for Behget’s Disease
criteria (ISG criteria) which formulated at 1990. According to ISG criteria, the presence of oral
aphthosis was mandatory. Two of the following symptoms were required for the diagnosis
of BD: Genital aphthosis, skin manifestations, ocular lesions, and positive pathergy reaction
[36]. Later in 2006, a new set was proposed by the International Team for the Revision of the
International Criteria for Behget’s Disease (ITR-ICBD). According to ITR-ICBD, oral aphthosis,
skin manifestations, vascular manifestations, and positive pathergy reaction score one point
each. Genital ulcers and ocular manifestations get two points each. The diagnosis of BD
is made when three or more points are collected [37]. Then at 2013, the new criteria were
revised under the name International Criteria for Behget’s disease (ICBD). In this criteria oral
ulcer, genital ulcer, and ocular manifestations get each two points; skin lesions, neurological
manifestations, vascular manifestations, and positive pathergy test get each one point. For the
diagnosis, four points are required [38].



Introductory Chapter: Behcet's Disease - An Overview
http://dx.doi.org/10.5772/intechopen.69050

7. Prognosis

BD has a chronic course with unpredictable remissions and exacerbations. The diagnosis is
difficult in many patients because there is not a universally accepted diagnostic criteria and
the clinical symptoms may be seen in many other diseases. In a study from Germany, it was
shown that because of the ethnicity, in Turkish patients, the diagnosis of BD is earlier than
German patients. Because in German patients the diagnosis was later and more difficult than
Turkish patients, some of the patients might be followed with the wrong diagnosis for long
times. It is mentioned that the diagnosis is more difficult in non-endemic areas [39]. But rec-
ognizing the disease may permit early diagnosis and treatment. An oral ulcer is the most com-
monly seen clinical symptom followed by a genital ulcer, PPL, erythema nodosum like lesions
and articular and ocular lesions. These clinical symptoms lead to pain and loss of function. On
the other hand pulmonary especially large vessel involvement, neurological involvement, and
bowel perforation are causes of mortality [1]. It is shown that male sex, arterial involvement,
and a high number of BD flares were independently associated with the risk of mortality [40].

8. Conclusion

BD is a chronic inflammatory multisystem disease that affects any size of the vessels. The
etiology is not clear yet. However, infectious and genetic factors are thought to act roles in
the etiopathogenesis. There is no specific serological marker and the diagnosis of the disease
depends on clinical criteria only. Moreover, the clinical symptoms of the disease may be seen
in many diseases. So, knowing the findings, diagnostic criteria, prognosis, and complications
of the disease provides the early diagnosis of the BD that is very important for the treatment
of the disease, which has risks of mortality and morbidity. So, in this book, epidemiology, etio-
pathogenesis, cutaneous, and systemic findings and treatment of BD will be reviewed in detail.
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Abstract

Behget’s disease (BD), a chronic vasculitis affecting any type of the blood vessels, was
first described by a Turkish dermatologist Hulusi Behget. Although it has a worldwide
distribution, it is commonly seen in the Silk Road countries around the Mediterranean
Sea. The country in which the disease is most commonly seen is Turkey with a prevalence
of 20-602/100,000. The disease most appears between the second and fourth decades of
the life. BD affects both genders equally. However, the gender distribution may differ
among different regions.

Keywords: Behget’s disease, epidemiology, prevalence, age, pathergy, HLAB51

1. Introduction

Behget's disease (BD) is a chronic multisystem vasculitis, which affects any type and shape
of blood vessels, particularly veins [1, 2]. The disease was first described in 1937 by a Turkish
dermatologist, Hulusi Behget, as a triple symptom complex, aphthous stomatitis, genital
ulcers and relapsing uveitis [3]. Most widely used classification criteria is suggested by The
International Study Group (ISG) for BD in 1990 [4]. According to the ISG, the major crite-
rion exactly required for the diagnosis is recurrent oral ulceration at least three times a year.
Additionally, at least two of the minor criteria: genital ulceration, skin lesions (erythema nodo-
sum, necrotic folliculitis, and papulopustular lesions), ocular lesions (posterior uveitis, total
uveitis, and retinal vasculitis), and positive pathergy testing are required for the diagnosis [4].
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2. Epidemiology

2.1. Prevalence

BD has a worldwide distribution. But it is commonly seen in the Silk Road countries around
the Mediterranean Sea, including Spain, Portugal, Turkey, Iran, and Far East countries like
China and Japan [5, 6]. The prevalence of the disease along the silk route is 14-20/100,000 [7].
BD is most common in Turkey with the prevalence of 20-602/100,000 [8, 9]. The other more
prevalent countries are Iran, China, Tunisian, Korea, Israel, and Japan [8, 10, 11]. In North
European, American, and African countries BD is less frequent [12, 13]. The prevalence of BD
in some countries is shown in Table 1 [8, 9, 12, 14-20].

Since 1982, the supported hypothesis about the etiopathogenesis of BD has been that the
genetic material and the exogenous agents responsible for the disease were carried during
the immigration of ancient nomadic tribes [15]. Many studies focus on immigrations so far
have investigated how the genetic or environmental factors affect the development of BD. In
1997 in Germany, 218 patients with BD were investigated. Of these patients, 89 were German,
100 were Turkish, and 29 were from other nationalities. The prevalence of BD was found
0.16/100,000 in German population and 4.51/100,000 in Turkish population. The prevalence
of BD in Turkish population was higher than German population. However, it was 5-18-fold
lower than the prevalence found in Turkey. This study suggested that the genetic and envi-
ronmental factors are both effective in the development of the disease [15]. Another similar
study was performed in 2015 in the Rotterdam area of Netherland [5]. Eighty-four patients of
Dutch, Turkish, or Moroccan origin with BD were identified. The prevalence of BD was found
1/100,000 in Dutch, 71/100,000 in Turkish and 39/100,000 in Moroccan population. The study
mentioned that the prevalence of BD in different ethnic group was similar to that among the

Country Prevalence (1/100,000)
Turkey [8, 9] 20-602
Israel [14, 15] 50-185
Iran [12, 16] 16.7-100
Iraq [17] 17
Japan [9] 7-13.5
China [18] 2.62
Kuwait [12] 21

Italy [19, 20] 4.1-15.9
Germany [21] 0.9

USA [12] 0.33

Table 1. Worldwide prevalence of Behget's disease.
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original countries of these patients. However, another study reported that no patient with BD
was detected in Hawaii, where the Japan population is relatively high [11].

2.2. Age and gender

Behget’s disease can be seen at any age, but it mostly appears between the second and fourth
decades of life [22]. In a study from Ankara, Turkey, the mean age of the patients with BD was
found 37.2 [23]. In a study from Japan, the mean age of onset was found 36.8 [24]. The mean
age of onset of BD in many countries was shown in Table 2 [5, 13, 15, 23-34].

Regional and ethnic factors may affect the time of the diagnosis of the illness. The diagnosis
of the disease is delayed in areas where the prevalence of the disease is lower [12]. In a study
from Germany, it was reported that the time of diagnosis of BD in Turkish patients was earlier
than in German patients. The diagnosis was later and more difficult in German patients than
in Turkish patients, so that we should keep in mind that some German patients might be fol-
lowed with wrong diagnosis for long times before the diagnosis of BD [15, 35].

Patients with earlier onset have more severe disease [36]. In a study from Tunisia, BD patients
with onset before age of 20 and after age of 40 were compared each other. Cutaneous involve-
ment, pseudo folliculitis, and vena cava thrombosis were more frequent in patients with ear-
lier onset. In contrast, joint involvement was more frequent in patients with later onset [28].
Mortality in the group with earlier onset was 2.46% but no patients had died due to BD in
the group with later onset [28]. Some authors reported that BD patient with earlier onset had
more ophthalmic manifestations and active course of the disease [37, 38].

Country Age of onset Male/female
Turkey [23, 25] 37.2-38.02 0.69-1.03
Japanese [24] 36.8 0.74

Iran [26] 26.2 14
Israel [27] 34.9 1.22
Netherlands [5] 43 0.64
Senegal [13] 32 1.6
Tunisian [28] 29.12 2.1
Germany [15, 29] 24.5-27.4 1.51-1.38
Saudi Arabia [30] 29.3 34
China [31] 35.8 14

Italy [32] 33 1
England [33] 32 0.96
USA [34] 29.25 0.3

Table 2. Age and gender ratio distribution among countries.
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BD is uncommon in children. Patients with initial symptoms at age 16 years or lower are classi-
fied as juvenile-onset BD [39]. The prevalence of juvenile BD is unknown. However, in few series,
it was reported that 3.3 and 26% of the patients with BD were juvenile-onset BD [2]. The clinical
symptoms are not different from adults but the diagnosis may be delayed in pediatric patients
because of mild symptoms [2]. Juvenile onset patients had more familial cases compared with
adult-onset patients [39]. There are some different series presenting juvenile BD. In the study of
Allali et al., one-third of the patient had family history [40]. In the series of Kone-Paut et al., fam-
ily history was reported as 9 and 24.4%. But in adults, family history was found as 2.2% [41-43].
The clinical features of juvenile BD in different series are seen in Table 3 [40-42, 44—48].

BD disease affects both the gender equally [12]. But the gender distribution may differ between
different regions. A few studies showed that male predominance was seen in Middle Eastern
countries, while female predominance was seen in Asian countries [1]. The male/female ratios
from the studies are shown in Table 2.

Gender affects the clinical findings and the severity of the disease as well [12]. In a long-term
study performed by Kural-Seyahi et al., it was implicated that the disease is more severe in
male patients, and vascular disease might be the major risk factor of death in male patients
[49]. Saadoun et al. supported that male sex, arterial involvement and a high number of BD
flares were independently associated with the risk of mortality [50]. In 2015, Bonitsis et al.
presented a meta-analysis of the gender-specific differences in BD. They investigated both
the German registry of BD and systematic literature review meta-analysis (52 other pub-
lications from Turkey, Asia, Southern Europe, Northern Europe, South America, the USA,
and North Africa/Middle East) [29]. They found that vascular disease (superficial and deep
venous thrombosis and heart involvement), folliculitis, papulopustular skin lesions, positive
pathergy test and ocular disease are more common in males, while erythema nodosum, geni-
tal ulcers and joint involvement are more common in females [29].

Clinical features (%)  Kone-paut Kone-paut Krause Karincaoglu Atmaca Eldem  Uziel  Allali

[42] [41] [44] [45] [46] [47] [48] [40]
N (patients) 65 55 19 33 110 20 15 12
Oral aphthosis 96 100 100 100 100 100 100 100
Genital aphthosis 70 79 31.9 82 83 65 33 75
Cutaneous findings 92 78 89.5 52 76 35 93 16.7
Pathergy test + - - 41.2 37 455 - 40 58
Ocular signs 60 87 47.4 35 31 80 53 53
Articular findings 56 17 474 40 22 40 73 25
Gastrointestinal 14 - 36.8 - 5 46 8.3
findings
Neurological findings 15 10 26.3 7.2 3.6 15 4 40
Vascular findings 15 21 10.5 9.6 3.6 5 0 333

Table 3. Clinical features of pediatric BD.
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2.3. Epidemiology of clinical findings

Regional and environmental factors may affect clinical findings of BD. Prevalence of differ-
ent clinical findings may differ among the patients from different regions [12]. Frequency
of presence of oral aphthosis is almost same in patients from all regions with the rate of
96-100% [1, 12]. In Japan, 4.6-15% of endogen causes of uveitis are BD [13, 51]. In a study
from Japan, 69% of the patients had ocular findings [52]. But uveitis is quite rare in Australia
[1]. Neurological features are more common in Caucasians (23%) than Middle Eastern
series (3—10%) and frequency of seizures was found to be higher than Turkish series (27
and 5%, respectively) [53]. Another study detected that Sub-Saharan African BD patients
had a higher frequency of CNS involvement compared to North African and European BD
patients [54]. Intestinal BD is rare in Mediterranean countries but it is more common in
Japanese BD patients [12]. Clinical findings of patients from different regions are shown in
Table 4 [13, 23, 24, 28-30, 55].

2.4. Pathergy reaction

Pathergy reaction is a nonspecific skin hyper reactivity to minor trauma. Positivity is defined
as occurring of a papule or pustule, 24-48 h after intradermal injection of skin with 20 gauge
needle [1]. Positive pathergy test is one of the diagnosis criteria of BD [4]. The pathergy
reaction is highly sensitive and specific for BD in patients from Silk Road countries like
Turkey, from some Mediterranean, the Middle Eastern countries and Japan. However, it is
rarely observed in patients from Northern Europe, USA and Australia [1, 56]. Although the
pathergy test lost its sensitivity during the past 35 years, it is still a valuable diagnostic test
[57]. Some studies from Japan and Turkey have reported a decrease in the positive pathergy
reaction in BD [56]. In 1979, the skin pathergy positivity rate was found 84% in patients
with BD in a study from Turkey [58]. In another study from Turkey in 1991, the rate was
found 65% [59]. In a more recent study from Turkey, the rate of pathergy test positivity was

Country Oral Genital Skin Ocular  Articular Vascular Gastroin- Neurological Pulmonary Pathergy
ulcer ulcer findings findings findings findings testinal findings findings  test+

findings
Turkey [23] 100 73 52 40 22 9.6 1 35 2.6 39
Germany 99.7 728 79.9 50.4 54.1 224 115 121 1.3 28.5
[29]
Senegal 100 96 30 44 40 18 2 24 - 32
[13]
Japan [24] 99 723 88.8 61.6 52.1 8.0 12.3 10.2 - -
Iran [55] 97.5 657 64.6 58.1 39.4 9.1 7 10.6 1 52.3
Saudi 100 87 57 65 37 25 4 44 - 17.5
Arabia [30]
Tunisia [28] 100 85 74.4 46.5 45.7 34.9 7 32.6 - 57.7

Table 4. Clinical findings of BD among some countries.
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detected as 39% [23]. The decrease of pathergy test positivity rate can be also seen in some
Japanese studies. In a study from Japan in 1972 the rate of positive pathergy test was found
75%, while in an other study performed in 2011 this rate was found %50 [56]. These differ-
ences may be occurred due to different applying techniques. One of the important methods
is using non-disposable/blunt needles. In 2000, it was reported that clinical evaluation of
the pathergy test conducted intradermally with non-disposable/blunt needles is sufficient
for both the diagnosis and determination of the activation of Behget’s disease [60]. Also it is
shown that surgical cleaning of the test area before needle prick reduced the prevalence of
pathergy test positivity rate [61]. This information suggests that the positive reaction might
be a cutaneous response to some bacteria living on the surface of the skin. In a recent study,
performed by Togashi et al. suggested that a new diagnostic pathergy test may solve the
methodological problems [62]. They performed a skin prick test with filter-sterilized saliva
on forearm skin. Of the patients with BD, 90% showed indurative erythema at the skin site
pricked with self-saliva, and 60% of recurrent aphthous stomatitis patients showed weak
reaction. They suggested that skin prick test using self-saliva can be a diagnostic test for dif-
ferentiating BD from other mucocutaneous diseases [62].

The reactivity of the pathergy testis suggested to be correlated with HLA-B51 in Mediterranean
countries [63]. Rates of pathergy positivity from different studies are shown in Table 4 [13,
23, 24, 28-30, 55].

2.5. Genetic factors and epidemiology

Although familial cases were reported, a Mendelian inheritance model specific to BD is not
present [12]. In the western series, familial case rates were as follows: 0.7-2.7% in Italy, 3.6%
in England and 4.5% in Portugal. The familial case rates were 11.9-13.4% in the studies from
Tunisia, Israel, and Korea studies [12, 15, 64]. In a study from Turkey, family history was
reported as 31.2% [65]. Multiple studies have demonstrated that BD is strongly associated
with the presence of HLA-B5 and its split antigen HLA-B51 [12, 66]. The association with
HLA-B5 was first described by Ohno et al. in 1973 [56]. The genetic material of the BD might
be carried in parallel with population movement between the Mediterranean and Asia.
Supporting this content is that the distribution areas of this antigen among healthy control
populations are the ancient trade route and the region in which BD is commonly seen [67].
HLA-B51 frequency is high in the Mediterranean countries but it is low in western countries
like USA and England [12]. In recent studies, many new genes other than HLA-B51 (IL-10 sig-
naling pathways, IL6-174 G/C, MMP-9, CLEC16A, NKFB1, IL-23 receptor gene, IL-18, IL-6,
IL10, Vitamin D receptor, etc.) associated with BD were also identified [36]. Shigemura et al.
studied on six patients over four generations with BD in 2016, and they found a common
heterozygous missense mutation in A20/TNFAIP3; a gene known to regulate NF-kB signal-
ing. Mutation in A20/TNFAIP3 was likely responsible for increased production of human
inflammatory cytokines by reduced suppression of NF-«kB activation. They suggested that
this mutation may lead to the autosomal-dominant Mendelian mode of BD transmission in
this family [68].
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3. Conclusion

BD has a worldwide distribution. But it is commonly observed along the Silk Road countries
between the Mediterranean Sea. It is most common in Turkey. The prevalence of the disease,
the frequency of the clinical findings, and genetics may differ between different regions. The
disease is more severe among males than females. Diagnosis of BD is difficult, and the disease
must be recognized, because early diagnosis is important for the early treatment.
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Abstract

Behget's disease (BD) is a type of vasculitis with many distinctive clinical manifestations
and multifactorial immunopathogenesis. The cause of BD remains unknown, but it has
been postulated that in a genetically predisposed or susceptible population, exogenous
agents trigger the dysregulation of both autoinflammatory and autoimmune responses
resulting in multisystem vasculitis. There are robust ongoing efforts across the globe to
elucidate and identify signature markers to improve and assist in rapid diagnosis of the
disease and to tailor the best therapy accordingly. While association of human leukocyte
antigen (HLA)-B'51 (B'51:01 subtype) allele is well recognized as the strongest genetic
susceptibility gene so far among genetically predisposed BD patients, further investiga-
tions using the latest technology have led to the identification of several novel single
nucleotide polymorphisms (SNPs) and other associated genes involved in the pathogen-
esis. There are several “established” cytokines known to be involved in the pathogen-
esis of BD, which have been further implicated in the genome-wide association studies
(GWAS)-based cytokine/receptor gene loci studies, as well as numerous “novel” cyto-
kines, which are currently being studied and identified. This chapter offers insights into
current knowledge and thoughts regarding the future of biomarkers in BD.

Keywords: Behget’s disease, Behget’s syndrome, biomarker, immunopathogenesis,
immunogenetics, pathogenetics, etiopathogenesis, cytokines, HLA-B*51

1. Introduction

Behget’s disease (BD) is a type of vasculitis characterize by recurrent inflammatory attacks
causing many distinctive clinical manifestations, most commonly affecting the orogenital
mucosa, skin, and the eyes [1-3]. The etiology has yet to be fully established, but it has been
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postulated that a genetically predisposed or susceptible population, exposed to exogenous
agents, may result in the dysregulation of both autoinflammatory and autoimmune responses.
It is a complex disease that has been the subject of intense research and clinical interest.

In this era of precision medicine, there is a need to integrate biomarkers into clinical practice,
which may serve as valuable predictive and prognostic tools to assist practicing physicians in
making clinical decisions while managing complex diseases. This may also improve diagnos-
tic capability, risk stratification, prediction of disease progression, assist in targeted therapy,
and monitoring of response to treatment to improve patients” overall clinical outcome.

This review chapter will look into the most relevant articles that have defined and clarified BD
over the years, as well as review the most recent publications offering new insights in order
to help fill the gaps in further understanding the disease. The chapter will focus on the etiol-
ogy, immunopathogenesis, recent advances in search of potential biomarkers and targets for
further research.

We will examine recent advances made that have shed new light on an old disease and
explore the potential genetic (including genome-wide association studies (GWAS) and next-
generation DNA sequencing, looking into the human leukocyte antigen (HLA) and non-HLA
genetic associations) and molecular markers (including innate immune lymphoid cells and
adaptive immune cells, cytokines, chemokines, other circulating biomarkers, and signaling
molecules of inflammation) and their potential correlations with disease activity and therapy.

2. The pursuit for genetic susceptibility markers in Behget’s disease

BD is a genetically complex and heterogeneous disease. The pursuit of gene discovery for
causative genetic factors in BD spans over more than four decades since Professor Shigeaki
Ohno first described the association of HL-A5 antigen observed in his Japanese BD cohort that
was later renamed human leukocyte antigen (HLA)-B5 [4]. Other early evidence stems from
the observation of familial clustering in BD families where more than one family member
developed the disease [5-8], which provided further clues to a strong genetic predisposition
to the disease.

2.1. The MHC I and HLA-B'51 and its association with BD

The major histocompatibility complex (MHC) has an expansive immune component includ-
ing the HLA and plays a pivotal role in the genetic influences on susceptibility to autoimmu-
nity. The ~3.5-Mb region has the highest density of genes in the human genome, the majority
of which have fundamental roles in immunity [9].

A remarkably consistent body of evidence demonstrates association of HLA-B'51 (B'51:01 sub-
type) allele as the strongest genetic susceptibility gene so far among genetically predisposed
BD patients. However, certain indigenous Amerindians have a high prevalence of HLA-B'51
but virtually no reported cases of BD. High level of recombination within the MHC is known
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to have occurred in these Eastern populations before their migration into Beringia and it was
suggested that disruption of the genetic loci in linkage disequilibria with HLA-B'51 might be
one reason for the absence of disease in these high HLA-B'51-bearing populations [10]. These
findings emphasize the fundamental roles and interplay of both genetic and environmental
components in the development of the disease.

There have been conflicting views, however, on whether the disease association with HLA-
B'51 is attributed to a role of MHC class I variant itself or if the association is found due to its
linkage disequilibrium (LD) with another variant in the region [11].

2.2. The unifying concept of MHC-I-opathy

The understanding of the pathophysiology of BD is challenging, as it is at the crossroads
between autoimmune and autoinflammatory syndromes [12]. A new perspective of a unify-
ing concept of MHC-I-opathy was proposed recently comprising of BD and several clinically
distinct spondyloarthropathies (such as ankylosing spondylitis and psoriasis) —all associated
with MHC Class I alleles, such as HLA-B'51, HLA-B27, and HLA-C0602, and epistatic endo-
plasmic reticulum aminopeptidase 1 (ERAP-1) interactions.

McGonagle et al. have proposed that the MHC-I-opathies share an immunopathogenetic
basis including barrier dysfunction in environmentally exposed organs such as the skin and
aberrant innate immune reactions at sites of mechanical stress. This they argue can often trig-
ger secondary adaptive immune CD8" T cell responses with prominent neutrophilic inflam-
mation that culminate in the initiation and chronicity of these diseases [13]. Further research
and understanding into this unifying concept of MHC I driven inflammatory response may
provide further targets for disease management.

2.3. Other MHC/HLA associations

The complexity and strong LD with the HLA-B'51 allele make it difficult to explore additional
independent susceptibility loci within this region. Despite having the strongest genetic asso-
ciation, it remains unclear to this day whether disease susceptibility in BD is due to the HLA-
B'51 itself or due to the genes located around the HLA which is in LD with it.

The MHC Class I chain-related gene A (MICA) is located in proximity and in between the
HLA-B and tumor necrosis factor (TNF) genes on the short arm of chromosome 6. It has long
been considered a major genetic susceptibility gene for BD and has been studied in many
different populations since the first observation of a possible association by Mizuki et al. [14].
Lee et al. conducted a meta-analysis on the associations of MICA and BD and found statisti-
cally significant association in various ethnic populations [15]. However, due to its strong LD
with HLA-B'51, it has been difficult to prove MICA as a primary susceptibility gene for BD.
Furthermore, different GWAS did not find an independent association between MICA and
BD [16-18].

Ombrello et al. performed stepwise conditional analysis and found independent genetic asso-
ciations for HLA-B"15 and HLA-B27 and risk, while HLA-B'49 and HLA-A'03 were protective
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[19]. Montes-Cano et al. demonstrated HLA-B'57 as a marker for risk in the Spanish population
[20], while Meguro et al. showed that HLA-A"26 is a risk marker in the Japanese population [16].

Using a custom platform (Immunochip) that includes 8572 single nucleotide polymorphisms
(SNPs) in the HLA extended region, Hughes et al. demonstrated that the robust HLA-B'51
association in BD is due to a strong association signal of an SNP rs116799036 in two indepen-
dent BD cohorts (Turkish and Italian) from two ancestry groups, while also identifying two
additional independent genetic associations with genome-wide significance (P <5 x 10°®) in
the HLA region: rs12525170 and rs114854070 [21].

2.4. Genomic strategies for a complex genetic disease beyond the typical Mendelian
inheritance

It was difficult to venture beyond the MHC in the past: the tools to do so were unavailable as
linkage studies were only suitable for Mendelian disorders. Intriguing new techniques have
surfaced in recent times accelerating the pace for gene discovery, especially for complex dis-
eases such as BD.

2.4.1. Genome-wide association studies (GWAS)

Being a complex disease, BD does not follow the typical Mendelian law of inheritance, rather
of a dichotomous nature conforming the “polygenic threshold model” where the phenotypic
expression is resultant upon genetic variation at multiple rather than a single loci, with the
majority of the cases occurring sporadically. This is the basis foundation for the development
of GWAS, which was initially thought to be the “comprehensive” option designed to identify
genetic variants associated with such complex disease [22].

The advent of GWAS earlier in this century has dramatically improved our ability to identify
and map successfully susceptibility loci associated with complex diseases such as BD, usu-
ally as single nucleotide polymorphisms (SNPs). It seems that these common genetic variants
contribute to polygenic disease manifestations where phenotypic variance depends on contri-
butions from several genetic variance.

Fei et al. [23] performed the first GWAS study in BD in a relatively small Turkish popula-
tion and identified several novel candidate genetic loci (KIAA1529, CPVL, LOC100129342,
UBASHS3B, and UBAC?2) that are associated with increased susceptibility to BD. In the same
year, Meguro et al. [16] found that the main susceptibility locus in BD Japanese population
remains in the MHC itself, wherein reside two independent loci: HLA-B'51 and HLA-A"26.
Two large GWAS conducted in Turkey and Japan followed in 2010: Remmers et al. confirmed
the association of HLA-B'51, identified a second, independent association within the MHC
Class I region and also found association at IL10 [17], while Mizuki et al. identified IL23R-
IL12RB2 and IL10 as Behget’s disease susceptibility loci [18].

In 2012, GWAS performed by Kirino et al. identified novel susceptibility loci at chemokine
receptors CCR1-CCR3, signal transducer and activator of transcription 4 (STAT4), killer
cell lectin-like receptor K1 subfamily K, member 1 (KLRK-1), killer cell lectin-like receptor
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subfamily C, member 4 (KLRC4), and ERAP1 in a Turkish population [24], thus apparently
supporting the emerging concept delineating common pathogenic mechanisms for BD, anky-
losing spondylitis, and psoriasis. In the same year, Hou et al. also identified STAT4 as a novel
susceptibility locus for BD in the Chinese population in their GWAS and functional studies
[25].

One of the difficulties of using GWAS in cohorts of mixed ethnicity is due to the rarity and
unequal distribution of disease prevalence among different ethnic background. This was
overcome by novel statistical approaches, demonstrated by Kappen et al. [26] who confirmed
the central role of the HLA region in the disease and validated the association of IL2A gene by
meta-analysis with previous work.

2.4.2. Next-generation sequencing (NGS) and candidate gene analysis

Despite discoveries of many unimpeachable associations with GWAS, it became apparent that
the approach alone could not explain the full range of heritability or genetic susceptibilities
to complex diseases [27] and at best could only identify moderate proportions of genetic vari-
ants contributing to the disease heritability. Among the growing menu of techniques, targeted
next-generation sequencing is the latest promising technology in search of rare genetic vari-
ants with fewer alleles (minor-allele frequency), which likely carry a greater larger impact on
disease manifestations and with larger deleterious biological effects [28, 29]. Next-generation
exome sequencing has the ability to generate millions of short reads of sequence, ranging
from 50 to 500 bp, in parallel. It can be targeted in key regions of the genome-to make quick
discoveries [29].

2.5. Non-MHC I susceptibility genes

Early data revealing the contributory influence of non-HLA susceptibility genes came from
studies in the 1990s; however, some of the associations were weak or inconclusive. In 2009,
Karasneh et al. published the first systematic whole genome linkage analysis from 28 Turkish
BD families, which provided evidence for non-HLA susceptibility loci with the strongest evi-
dence seen for 12p12-13 and 6p22-24 [30].

The revelation of GWAS unfolded associations with genome-wide significance (P <5 x 10°%)
in the interleukin 23 receptor (IL23R)-IL12RB2, IL12A, IL10, ubiquitin-associated domain
containing 2 (UBAC2), STAT4, CCR1-CCR3, KLRC4, ERAP1, TNF alpha-induced protein 3
(TNFAIP3), and fucosyltransferase 2 (FUT2) loci [17, 18, 22-26]. Some of these results have
been replicated since in case-control candidate gene studies from Iranian, Chinese and
Spanish European populations [30-36].

Targeted next-generation sequencing revealed the additional involvement of rare non-syn-
onymous variants in toll-like receptor 4 (TLR4), nucleotide-binding oligomerization domain-
containing protein 2 (NOD2), and the Mediterranean Fever Gene (MEFV) [37]. Recently,
Ognenovski et al. used whole exome sequencing in BD of European descent for the first time
and identified and replicated two novel putative protein-damaging genetic variants within
LIMK2 and NEIL1, which may influence cytoskeletal regulation and DNA repair [38].
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The associations with ERAP1, IL23R, IL10, and MEFV variations suggest that BD may share
susceptibility genes and inflammatory pathways with spondyloarthritis [39], while the TLR
and FUT polymorphisms that affect response to invasive pathogens have led to an increase
interest in responses to microbiomes [40].

3. Molecular markers of BD

3.1. The cytokines network of BD

The term “cytokine” was first introduced in 1974 by Cohen et al. [41] to describe a polypeptide
mediator superfamily central in the immune system generation and regulation. An entwined
network comprising of interleukins (ILs), interferons (IFNs), tumor necrosis factor (TNF),
chemokines, and other mediators primed to regulate the immune system, however, due to
several factors such as imbalance of its receptor expression and dysregulation of its functions,
generates the pathologic systemic inflammatory and/or immune responses seen in various
autoimmune and autoinflammatory disorders.

Pro-inflammatory and anti-inflammatory cytokines have been shown to be involved in
patients with BD (as discussed in more detailed below). Several studies demonstrated elevated
levels of cytokines in local lesions indicating its involvement in the disease local immune
responses [42-46]. Evidence from the GWASs further implicated several cytokines underlying
the pathogenesis of BD [17, 18, 22-26]. Moreover, the successful use of various anti-cytokine
therapies in BD patients provides additional evidence that cytokines play a crucial role in its
pathogenesis [47-64]. These overall observations highlight the fundamental role of cytokines
as key players in the pathogenesis of BD.

There are several established cytokines that are known to be involved including IL1$3, TNFq,
IL6, IL10, and IL23. Various new promising candidate’s cytokines identified to be associ-
ated with BD include IL21, 1L22, IL.33, IL37, and several others, all of which be described as
detailed below.

3.1.1. The main pro-inflammatory cytokines

Despite the pleiotropic nature of most cytokines, this group of cytokines primarily promotes
inflammation. Several pro-inflammatory cytokines have been implicated in BD.

3.1.1.1. The interleukin-1 (IL1) family: IL1B, IL18, IL33

All cells of the innate immune system express and/or are affected by IL1 family members,
which play a key role in the differentiation and function of polarized innate and adaptive lym-
phoid cells [65]. Among the 11 cytokines in the family, IL1p is the principal pro-inflammatory
cytokine, leading to the expression of many chemokines and secondary mediators of inflam-
mation and upregulating innate immunity in response to infectious agents [66]. The levels of
IL1p have been shown to be elevated in several studies [45, 46, 49, 67, 68], including in synovial
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fluids of BD patients [45, 46]. A proof-of-concept study by Giill et al. strongly implicated IL1(3
and BD with significant improvement seen especially in patients with uveitis treated with
IL1B-regulating antibody [47]. Recently Tugal-Tutkun et al. demonstrated rapid control of uve-
itis in BD patients without the need for high-dose corticosteroid in a prospective, open-label,
randomized phase II trial [48] supporting several other previous studies of the proven efficacy
of IL1P to induce stable clinical remission among BD patients [49-52].

Other pro-inflammatory cytokines in the IL1 family implicated in BD especially in the last
decade include IL18 [42, 69-71], an important component of polarized Thl cell and natu-
ral killer (NK) cell responses and of the interplay between macrophages and NK cells [65].
Identified in 2005 by Schmitz et al, IL33 was noted to have the capability to activate NF-xB
and MAP kinases, and induces the expression of IL-4, IL-5, and IL-13 in vivo, leading to
severe pathological changes in mucosal organs [72]. In several of his studies, Hamzaoui et
al. demonstrated higher levels of IL33 in sera of active BD patients compared to BD patients
in remission [73-75], and this was supported by Kim et al. [76] who found elevated IL33 in
BD patients with erythema nodosum (EN) and EN-like skin lesions. Surprisingly, Koca et al.
found contrasting results of lower IL33 levels in active BD Turkish patients compared to the
inactive patients and healthy controls (HC) but did find significantly higher levels of IL33
among BD patients with uveitis [77].

3.1.1.2. The tumor necrosis factor (TNF) superfamily

Among the 19 TNF superfamily cytokines that has so far been identified, the first member of
the family, TNFa, which was the first to be discovered, is the most highly investigated. Levels
have been shown to be elevated in studies from different populations [49, 69, 78-83]. Meta-
analysis by Touma et al. [84] found TNF (-238A/G, -1031C/T, and -857T/C) polymorphisms
are associated with susceptibility to BD, while an updated meta-analysis by Zhang et al. con-
firmed a significant association between the TNF-308A/G polymorphism and BD susceptibil-
ity [85]. Treatment has also been shown to be highly effective [53, 54].

There is not much information about the other members of the TNF superfamily and its asso-
ciation with BD, but despite the limitation, isolated studies have shown several other TNF
family member to be associated with BD in different ethnic populations: Cantarini et al. found
significantly higher serum soluble TNFR and soluble CD40L [86], Shaker et al. demonstrated
higher levels of B cell activating factor (BAFF), A proliferation producing ligand (APRIL),
and B cell maturation antigen (BCMA) in BD patients [87] and Diizgiin et al. found elevated
soluble CD30 levels in active BD patients compared to controls [88].

Besides TNFa, other members of the TNF superfamily may offer options as potential targets
and therapeutic candidates in BD; however, more research is needed in this field to prove its
efficacy and safety profile.

3.1.1.3. Interleukin-6 (IL6)

Several studies have shown higher levels of serum IL6 in active BD compared to inactive BD
and HC [71, 89, 90], and interestingly in neuro-BD patients, IL6 was noted to be markedly
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elevated in the cerebrospinal fluid (CSF), but not in the sera [91, 92]. Blockage of IL6 signal-
ing with tocilizumab in BD patients despite looking promising in the treatment of neuro-BD
[55-58] has revealed mixed results for non-neurological manifestations [58, 59, 93, 94] and is
currently undergoing further evaluation in controlled clinical trials.

3.1.2. The main anti-inflammatory cytokine: type I interferon (IFNa)

Being the oldest cytokine discovered exactly 60 years ago, interferon-a (IFNa) has been the
scope of investigation in many inflammatory diseases including BD. Despite initially thought
to have mainly pro-inflammatory effects, it is becoming clearer that IFNa display a more com-
plex function and its anti-inflammatory properties have led to its use as one of the treatment
modalities in BD since the mid-1980s. Different studies by Hamzaoui, Kétter, and Pay et al.
in their respective Tunisian, German and Turkish populations demonstrated higher levels of
IFNa among BD patients [71, 95, 96]. In 2010, Liu et al. published their in vitro experiments
demonstrating the ability of IFNa to inhibit IL17 expression and increase IL10 production
by PBMCs and CD4" T cells [97]. Successful uses of IFNa-2a and -2b as treatment modalities
have been reported [60-62], and more recently, Lightman et al. reported the successful use of
pegylated IFNa-2b in BD resulting significant reduction in corticosteroid use and improve-
ment of quality of life [63]. The exact mechanism of IFNa, however, is still largely unknown.

3.1.3. Helper and regulatory T lymphocytes involvement in BD

There have been remarkable advances leading to our current understanding on the lineage
commitment and plasticity of helper CD4+ T cells. The “naive” CD4" T cells in the presence of
its associated cytokines differentiates into distinct T helper (Th) cells populations-Th1, Th2,
Th17 or Th22: tailoring their responses to address specific threats accordingly. On the other
hand, CD4* CD25" regulatory T cells (Tregs), derived from the thymus or differentiation from
naive T cells, downregulate Th responses and are critical for the preservation of immune tol-
erance and maintaining balance in the immune system.

3.1.3.1. Th1, Th17, and Th22 cell-associated cytokines

In the early 1980s, Ohno et al. demonstrated for the first time significantly higher levels of
IFNY in Japanese BD population [98]. Ahn et al. in their case series showed that the levels of
IFNY were elevated in aqueous humor and serum in BD patients with uveitis, which was then
suppressed with combined low-dose cyclosporine/prednisone treatment [99]. Many other
studies similarly found elevated serum IFNYy in active BD patients [44, 71, 83, 100-106], espe-
cially in BD patients with uveitis [44, 83, 102-105].

Other Th1 cell-associated cytokines associated with BD include IL2 and IL12. Despite conflict-
ing results for IL2 levels in the ocular fluid of active BD patients with uveitis [106, 107], it was
found to be significantly elevated in the serum of BD patients [108] and in active disease [109].
The alpha-chain of the IL2R that is shed from the surface of T cells by proteolytic enzymes to
form the soluble sIL2R, which retains affinity to IL2, is also found to be significantly higher in
active BD [46, 79, 110-113] and specifically in BD patients with uveitis [112, 113]. Serum IL12
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levels were also found to be elevated in BD patients with active uveitis [114-116] and other
active manifestations [42, 117, 118].

IL23 influences Th17 cell responses but shares a common p40 subunit with IL12 [119], and like
IL12 has also been shown to be elevated in BD patients with active disease [101, 105, 120, 121].
Ustekinumab, a therapeutic agent, targeting both IL12 and IL23 cytokines has been shown to
be therapeutic in BD [122], and subsequently a phase 2 open-label study to evaluate the proof-
of-concept of ustekinumab in BD (STELABEC) has been recently registered in France. Both
IL12 and IL23 stimulates nonreceptor Janus kinase 2 (JAK2) and tyrosine kinase 2 (TYK2)
activity, leading to phosphorylation of STAT family members, with IL12 particularly activat-
ing STAT4 homodimers and IL23 predominantly activating STAT3 [119, 123-125]. Tulunay
et al. demonstrated that the JAK1/STAT3 signaling pathway is activated in BD, and several
other studies have shown similar findings [126]. Tulunay further suggested that more direct
therapies aimed at JAK/STAT-associated cytokines such as ustekinumab (anti-IL12/23) and
recently the approved tofacitinib that specifically inhibits JAK1/3, may be new therapeutic
options for BD [126].

Th17 and Th22 are the “newer” helper-T cell subsets that secrete pro-inflammatory cytokines
IL17 and IL.22, respectively. Both are also implicated in the pathogenesis of BD, and their levels
were markedly increased in BD patients [97, 105, 127-133] including active uveitis [107, 127,
128]. Chi et al. in their study demonstrated that production of IL17 was successfully inhibited
by treatment with cyclosporine [127]. Another interesting finding in one of the studies above
is increased levels of CCL20, an essential potent chemoattractant for the recruitment of Th17
lymphocytes [129]. Sugita et al. established Th22-type T cell clones from ocular samples taken
from BD patients with active uveitis, which produced large amounts of IL22 and TNFa [106].
Sugita also demonstrated that IL22 in the presence of retinal antigens were able to produce
high levels of IL22 in mice with experimental autoimmune uveitis [106]. From the therapeutic
point of view, Liu et al. demonstrated significantly higher levels of IL17 in active BD patients,
and stimulation with IFNa significantly decreases this IL17 production [97].

IL21 is one of the more recently identified type I cytokines that has been shown to tilt the
balance between Th17 cells and regulatory T cells (Tregs) [134]. Geri et al. found markedly
increased IL21 in active BD patients’ sera and in the CSF of active neuro-BD patients. He fur-
ther demonstrated increased Th17 and Th1 differentiation and decreased frequency of Tregs
cells after stimulation of CD4" T cells with IL21. Conversely, IL21 blockade with an IL21R-Fc
restored the Th17 and Tregs homeostasis in BD patients, which might represent a potential
target for novel therapy [135].

3.1.3.2. Th2 cell-associated cytokines and Tregs

The studies on Th2 cell-associated cytokines and their contribution in the pathogenesis of
BD have been rather conflicting. Several studies found lower or no significant differences of
the related cytokines in BD patients compared to HC [45, 106, 109, 119, 136, 137]. However,
studies by Hamzaoui et al. found increased serum levels of Th2 (IL4 and IL13) cytokines,
and Takeuchi et al. found elevated IL4 and IL10 in BD patients [71, 83], while studies from
Raziuddin and Aridogan et al. demonstrated high levels of IL4, IL10 and IL13 in active BD
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patients [138, 139]. Liu et al. and Guenane et al. in separate studies found significantly higher
levels of IL10 in uveitis patients with BD compared to HC and idiopathic uveitis, respectively
[97, 114]. Dalghous and his colleagues observed the presence of IL4 cytokines in oral lesions
only from BD patients compared to RAS patients [140], while Ben Ahmed et al. found elevated
levels of IL10 comparable to the increased IFNY levels in active lesions of BD patients [141].

The possible role of Tregs in the pathogenesis of BD has gained considerable interest in recent
times. Hamzaoui and Giindiiz both demonstrated decreased Tregs level in clinically active
BD patients [43, 142], Nanke et al. suggested that a decreased percentage of Tregs in periph-
eral blood of BD patients might be a predictive marker of ocular attack [143], while Sugita et
al. demonstrated that Tregs level increased significantly with infliximab therapy but not with
colchicine or cyclosporine in BD patients with uveitis [144]. Another subset of Tregs expresses
high levels of CD52 glycoprotein [145], and together with other CD52-bearing cells (T cells,
B cells, monocytes, macrophages, NK cells, dendritic cells, and granulocytes) are molecular
targets of CAMPATH-1. A humanized antibody of IgG1 CAMPATH-1H/alemtuzumab has
been successfully used in BD [146, 147] including in an open trial involving 18 BD patients
with complete or partial remission achieved in 84% of patients [146].

3.1.3.3. Gammadelta (y6) T cells

Gammadelta (yd) T cells are innate-like lymphocytes that express a unique T cell receptor
(TCR) y and 6 chain. Despite constituting only a small proportion (1-5%) of lymphocytes, they
are more widespread within epithelial-rich tissues, such as the skin, intestine and reproduc-
tive tract, where they can comprise up to 50% of T cells [148]. They are a unique population of
T cells that have features of both innate and adaptive immunity and express characteristics of
conventional T cells, natural killer cells, and myeloid antigen presenting cells [149].

The relationship between yd T cells and BD has been noted in several studies since the early
1990s. Increased yd T cells levels were seen in BD patients compared to HC [99, 150-155] and
in active BD compared to inactive BD [99, 151, 155, 156]; however conversely, several stud-
ies did not show any significant difference with HC [157-159]. Hasan et al. postulated that
these discrepancies might be due to the activation status of the disease, as a reflection of local
tissue inflammation compared to peripheral blood yd T cells and such variation might be
dependent on several other factors including disease severity, usage of medications such as
immunomodulatory agents, and perhaps other variables, namely, age, gender, ethnicity, and/
or environmental factors [149]. Their roles in the pathogenesis and potentially as therapeutic
targets remain to be elucidated.

3.1.4. Other cytokines

IL37 is part of the IL1 family (discovered in 2009 and formerly identified as IL1F7) but has
emerged as an inhibitor of innate immunity [160]. It has been shown to be significantly lower
in BD patients compared to HC, with pronounced inhibition in active patients, and was associ-
ated with increased production of IL13, IL6, and TNF«a in LPS-stimulated PBMCs [161, 162].
Furthermore, in vitro experiments revealed that supplementing IL37 in BD patients significantly
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suppresses these three pro-inflammatory cytokines [163]. There have also been suggestions of
associations between BD and other cytokines such as IL15 and IL27; however, the data are still
inadequate and sparse [44, 164-166].

3.1.5. Chemokines

The attraction of leukocytes to tissues is essential for inflammation and is controlled by che-
mokines, which are chemotactic cytokines [167]. Saruhan-Direskineli et al. observed sig-
nificantly higher a-chemokine CXCL10/IP10 CSF levels in neuro-BD patients compared to
patients with non-inflammatory neurological disease (NIN) and multiple sclerosis, whereas
CXCLS8/IL8 was increased in neuro-BD compared to NIN [168]. El-Asrar et al. found higher
levels of CXCL9/MIG, CXCL10/IP10 and CXCL11 in BD patients’ serum with uveitis [169],
while its receptors CXCR3 expression were observed by Dalghous et al. to be higher in oral
lesions biopsied form BD patients [140]. Recently, Ambrose et al. demonstrated significantly
higher production of CXCL10/IP10 in blood monocytes of BD patients stimulated with IFNy
compared to HC, rheumatoid arthritis, and systemic lupus erythematosus controls [170].
There is even more robust evidence for CXCL8/IL8, a potent neutrophil chemoattractant,
being implicated in BD pathogenesis, with some of the authors proposing that it could be
a marker for vascular involvement and a more reliable marker for disease activity than the
C-reactive protein or erythrocyte sedimentation rate [171-174].

In regard to -chemokines, Ozer et al. found significantly elevated levels of MCP1/CCL2,
MIP1a/CCL3, and RANTES/CCLS5 in active BD serum than in HC [175]. Similarly, Kék¢am
and Kim and their respective colleagues in two separate studies demonstrated high levels of
MIP1a/CCL3 [176, 177] while Kaburaki et al. and Do et al. found higher levels of MCP1/CCL2
in BD patients compared to HC [178, 179]. In CSF of neuro-BD patients, Saruhan-Direskeneli
et al. and Miyagishi et al. both demonstrated significantly higher levels of MIP1a/CCL3 com-
pared to NIN [168, 180].

The emerging evidence of a complex cytokine and chemokine network interplay involved
in the pathogenesis of BD, the identification of candidate gene including cytokine polymor-
phisms and the proven potency of anti-cytokines treatment shed more light on the fundamen-
tal role of cytokines and chemokines in BD. Perhaps cytokine and/or chemokine gene therapy,
which has been used in cancer therapy, though not extremely impressive but nonetheless
promising, may offer a novel yet powerful approach in the treatment of BD in the future.

3.2. The innate immune network
3.2.1. Neutrophil hyperfunction and endothelial cell activation

Becatti et al. demonstrated significant enhancement in leukocyte reactive oxygen species
(ROS) production particularly by neutrophils in BD patients and only neutrophil-derived
ROS (but not lymphocyte- or monocyte-derived ROS) showed a significant correlation with
fibrinogen carbonyl content, highlighting neutrophil activation as the promoter of fibrinogen
oxidation and thrombus formation in BD [181] supporting similar finding in several previous
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studies [182, 183]. Increasing evidence supports a role for neutrophil/lymphocyte ratio (NLR)
as a cheap and simple disease activity marker in BD. NLR has been proposed as a surrogate
marker for endothelial dysfunction and inflammation, and several authors have proposed the
use of NLR as part of evaluation for disease activity in BD [184-187].

3.2.2. Innate lymphoid cells (ILCs)

Groundbreaking studies over recent years have formally identified innate lymphoid cells
(ILCs) as a distinct arm of the innate immune system, comprising of the classic cytotoxic natu-
ral killer (NK) cells, lymphoid tissue inducer cells, and non-cytotoxic ILC populations [188].
Besides controlling tissue homeostasis, it has the ability to promote inflammation at muco-
sal and surface barriers [188]. Yamaguchi et al. reported that NK cells are actively involved
in the induction and maintenance of disease remission in BD patients, through NK2 polar-
ization [189] while Takeno et al. from their study concluded that abnormal killer inhibitory
receptor (KIR) expression of NK cells may be associated with the development of BD [190].
Furthermore, ILCs have been recently shown as an important source of cytokines production
[188, 191, 192]. The recent discovery of this latest group of diverse immune cells with its many
emerging diverse roles in autoimmunity and inflammation may redefine or rather perhaps
reinforce our understanding of the pathogenesis of BD in the future.

3.3. Inflammasomes

The inflammasome has been shown to be a key regulator of IL1p and IL18 via direct activa-
tion of caspase-1 [173-194]. Liang et al. demonstrated production of IL-1f3 was significantly
decreased in ocular BD patients after the Nod-like receptor protein 3 (NLRP3) inflammasome
was downregulated [195] while Kim et al. showed that the basal and LPS-induced expres-
sions of NLRP3 inflammasome components were significantly increased at both mRNA and
protein levels in BD patients [196]. Conversely, Tiire-Ozdemir and his team were not able to
find any difference in DC and neutrophils of BD patients compared to HC after stimulating
caspase-1 activation [197].

3.4. Autoantibodies

There have been several studies implicating certain autoantibodies in BD, but all are nei-
ther non-specific nor sensitive and are of limited clinical significance. Among them the most
described were anti-Saccharomyces cerevisine antibodies (ASCAs) [198-201] and anti-endothe-
lial cell antibodies (AECAs) [202-205]. ASCAs were linked more to gastrointestinal mani-
festations in BD [198-202] and their healthy relatives [201]. AECA has been implicated with
vascular [202, 204] and intestinal [205] involvement in BD and several studies demonstrated
that alpha-enolase is the target antigen of AECA in BD patients [203-205]. These positive
results, however, were not replicated in certain other ethnic populations [206—-208].

3.5. The host-microbe interaction in BD

The role of microbial triggers in BD has long been postulated since the disease was first
described. Microbial heat shock proteins (HSPs) show significant homology with human
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mitochondrial HSP and molecular mimicry is suggested as the mechanism of pathology exac-
erbating BD when patients were exposed to these foreign antigens. While both streptococci
and herpes simplex virus have garnered the most particular interest among researchers [209-
214], evidence of exposure to other microbes such as staphylococci and mycobacteria has also
been reported [215, 216]. Nonetheless, conflicting reports have been published and a specific
pathogen has yet to be identified.

3.5.1. Microbiome: the rapidly re-emerging hypothesis in inflammatory disorders

Microbiome is a term first described by Lederberg in 2001 describing the microbial ecosystem
[217], but it was Metchnikoff more than a centenary ago who hypothesized that the micro-
biota might influence the balance between pro-inflammatory and regulatory host responses
and that alterations in the composition of the microbiota (a process that is known as dysbio-
sis) could jeopardize host immune responses [218]. Recent evidence indicates the possible
contribution of the intestinal microbiota to immunological diseases outside the gut [218, 219].

The advent of the 16S ribosomal RNA (165 rRNA) sequencing technology over the past quarter
century has identified a comprehensive human microbiota far more comprehensive than we
ever imagined. Despite the emergence of newer application such as metagenomics [220], due
to the nature of the rRNA genes that are highly conserved and evolutionarily stable but differ
in their hypervariable regions enables identification of species, and owing to a confluence of
methodological advancements, 16S rRNA has re-emerged as a stand-alone molecular tool [221].

BD patients seem to exhibit specific microbiome signature. Consolandi et al. compared
fecal microbiota of BD patients and HC and found significantly depleted Roseburia and
Subdoligranulum genera and butyrate production in BD patients [222] while Shimizu et al. also
demonstrated gut dysbiosis in BD patients with significantly increased genera Bifidobacterium
and Eggerthella and decreased genera Megamonas and Prevotella compared to HC [223].

Several authors also identified salivary dysbiosis among BD patients. Seoudi et al. found in BD
patients an increased colonization of Rothia dentocariosa at non-ulcer oral sites, while the ulcer
sites were highly colonized with Strep salivarius compared to recurrent aphthous stomatitis
(RAS) patients, and with Strep sanguinis compared to HC, who were more highly colonized with
Neisseria and Veillonella [224]. Coit et al. found significantly less diverse microbial structure
in stimulated saliva samples in BD patients both with and without immunosuppressant [225].

3.6. Other possible markers

There are other possible molecular markers that have been or are still under investigations.
Fecal calprotectin (FC) were demonstrated to be significantly elevated in intestinal BD in
several studies [226-228], and interestingly Ozseker et al. demonstrated high fecal FC levels
in asymptomatic but endoscopically proven BD patients with intestinal involvement [226].
Vascular endothelial growth factor (VEGF) levels have been observed in BD patients, par-
ticularly in active BD [229-232]. Several studies provided evidence for the increased levels of
markers for endothelial activation or dysfunction such as vascular and intercellular adhesion
molecules VCAM1, ICAM]1, Selectins, and YKL40 in BD [233-238]. Various authors explored
the association between certain genetic mutations and thrombosis in BD; however, results
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have been inconclusive [239-244], and current data indicate that the pathogenesis of throm-
bosis in BD is not due to a coagulation abnormality [245].

The immunomodulatory role of vitamin D is of increasing interest, and several in vitro stud-
ies have demonstrated downregulation of inflammation by vitamin D [246-249]. Moreover,
hypovitaminosis D had been implicated in various inflammatory disorders including BD
[250-255]. Further investigations from different ethnic populations may provide further
insights to this potentially clinically relevant knowledge of vitamin D as a potential suppres-
sor of inflammatory response in BD.

4. Gaps and future directions

Efforts to develop biomarkers in BD have been confounded by substantial impediments and
challenges and the greatest is probably due to the rare nature of the disease, while others
include the complex role of the susceptibility genes and related cytokines, chemokines and
other signaling molecules, variability of duration and severity of the disease, as well as varia-
tions between different geographical areas and the limited number of patient samples.

Standardization and quality assurance are significant hurdles and collaboration between lab-
oratories at different centers to standardize protocols and assays is essential. There are clear
similarities and differences across different ethnic groups phenotypically and at a genetic or
molecular level. So far, clinical data trials support the critical role of innate cytokines TNF,
IL1, and IL6 in the development of inflammatory episodes of BD, and targeting T cells or B
cells may provide favorable results [256]. In this era of personalized and precision medicine,
collaborative efforts nationally or internationally are needed to assemble adequately powered
cohorts to perform further population- or regional-based molecular and genetic studies.

One possible way to move forward is broadening the classification criteria to combine objec-
tive clinical indicators and biomarkers, but despite the emergence of these candidate markers,
there is still a lack of sufficient widespread evidence to support their implementation and
incorporation into the contemporary classification criteria. In the meantime, it must be noted
that BD remains fundamentally a clinical diagnosis.

Many questions remain a conundrum including (1) which patients will develop a more severe
form of disease, (2) who will be resistant to certain therapy, (3) which patients with recurrent
aphthous ulcers will progress to develop BD, and (4) who will benefit the most from a particu-
lar therapy. The search remains a highly scientific priority, but until we find the biomarkers,
likelihood is, many of these questions will remain uncertain.

5. Conclusions

It has been a long, challenging journey in search of biomarkers in Behget’s disease. There are
clear genetic and molecular similarities and variability between different ethnic populations.
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Collaborative efforts nationally or internationally are needed to assemble sufficiently pow-
ered sample size to perform further population- or regional-based molecular and/or genetic
studies in the search for the elusive “magic bullet” as the signature marker that will revolu-
tionize the field of BD.
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Abstract

Behget disease (BD) is a chronic, relapsing, multisystemic vasculitis with unknown etio-
pathogenesis. It is widely accepted that an altered immune response triggered by an
infectious agent or by an otoantigen in a genetically predisposed individual plays major
role in the pathogenesis of BD. In this chapter, the role of infectious agents in the etio-
pathogenesis of BD was discussed.

Keywords: Behcet’s disease, etiopathogenesis, infectious agent, streptococci, gut

microbiota

1. Introduction

Behget’s disease (BD) is a chronic, recurrent, inflammatory, multisystemic disease character-
ized by oral and genital ulcerations, uveitis, and skin lesions. Although the etiopathogenesis of
BD is still unknown, it is thought that the altered immune response against some environmen-
tal triggering factors in genetically susceptible individuals plays a major role in pathogenesis.
It is widely accepted that endothelial injury, neutrophils, and the tendency to thrombosis also
contribute to the pathogenesis of BD [1, 2]. The presence of familial cases, unusual geographi-
cal distribution of the disease, and the strong association of BD with the major histocompat-
ibility complex (MHC), suggests that genetic factors may play a role in etiopathogenesis [1].
But, genetic factors alone are not sufficient to elucidate the etiology of BD. Today, it is believed
that the disease process is triggered by an unknown infectious or environmental agent in a
genetically predisposed individual [3]. The studies showing a decrease in the risk for devel-
opment of BD in people who migrate from the regions with higher prevalence for BD to the
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regions with lower prevalence support the role of environmental factors in etiology [4]. In this
chapter, possible infectious triggering factors will be discussed.

Among the environmental factors, the role of infectious agents such as bacteria (Streptococcus,
Helicobacter pylori, Mycoplasma fermentans, Mycobacteria and Borrelia burgdorferi) and viruses
(Herpes simplex virus (HSV) type 1 and 2, hepatitis viruses, Cytomegalovirus, Varicella zoster viriis
(VZV), Epstein-Barr viriis (EBV) and Parvovirus B19) is mostly emphasized [3, 5].

A decreased positive pathergy frequency after surgical cleaning of skin before pathergy test-
ing, the reduction of the frequency and duration of mucocutaneous findings of BD with pro-
phylactic penicillin treatment, and the greater frequency of chronic tonsillitis and tooth decay
in these patients are important findings that suggest the role of microorganisms in BD [1, 5, 6].

Oropharyngeal pathogens are the most blamed agents in pathogenesis, as almost all indi-
viduals with BD have oral aphthae [7]. After dental procedures, increased frequency of oral
ulcers and activation of disease support this view [5, 8]. It has been suggested that this condi-
tion occurs as a consequence of the passage of microorganismal antigens from oral cavity into
the bloodstream [5].

2. Bacteria

Because of predominancy of streptococci in oral cavity and dental infections, they are the
most frequently investigated bacteria in BD. In patients with BD, it has been shown that oral
hygiene is impaired and periodontal scores are high associated with disease severity [9, 10].
The proportion of Streptococcus sanguinis in oral flora has been found to be higher in indi-
viduals with BD than in healthy individuals [3]. Antibodies against S. sanguinis and S. pyo-
genes have been detected more frequently in the sera of BD patients than in the control group
[5, 8]. In one study, oral ulceration had occurred after application of streptococcal antigens
to the oral mucosa by prick test [5]. It has been suggested that streptococci penetrate to the
oral mucosa with their enzymes such as IgA 1 protease and neuraminidase and lead to the
development of hypersensitivity against streptococci in BD individuals [5]. There are studies
suggesting that, in addition to S. sanguinis there may be an association between S. pyogenes,
Streptococcus faecalis, Streptococcus viridans, Streptococcus haemolyticus, and Streptococcus sali-
varius with BD [5, 8].

In addition to streptococcal antigens, it was shown that a common non-peptide antigen pres-
ent in many bacteria, such as Escherichia coli, Staphylococcus aureus, can also activate yd-T cells
in BD. This finding suggests that T lymphocytes of BD patients are hyperactive to bacterial
antigens in general, not against a specific bacteria [3, 7, 11]. In one study, it was shown that
T cells in BD patients are stimulated with staphylococcal enterotoxins even at low concentra-
tions that could be achieved under physiological conditions and stimulate IFN-y production
much more than the control group. The increased sensitivity of patients T cells to the several
bacterial antigens may explain the exacerbation of systemic symptoms of BD after infections,
dental caries treatments, operations, or trauma [11].
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H. pylori is another bacteria that have been investigated in relation to BD [12-14]. In some stud-
ies, the prevalence of H. pylori was found to be high in patients with BD, and it was suggested
that there was a relationship between the presence of H. pylori and gastrointestinal involvement
[12, 14]. Although improvement in symptoms of BD after H. pylori eradication treatment have
been reported in some uncontrolled studies, there are studies that do not support this [5, 14].

There are reports that some other bacteria, such as M. fermentans, Mycobacteria, Prevotella,
Fusobacterium and B. burgdorferi, also induce BD, but there is no strong correlation with them [3, 5].

3. Viruses

The possible etiological relationship between viral infections and BD has been first suggested
by Hulusi Behget, due to the observation of intracellular inclusion bodies in specimens taken
from aphthous lesions and was investigated by many researchers [6]. The HSV-1 genome was
detected in oral and genital ulcers of BD patients [3, 6]. The amount of HSV-1 DNA in leuko-
cytes, blood and saliva samples, and the anti-HSV-1 antibodies in serum samples of BD patients
were found to be significantly higher than control group [5, 6]. The presence of immunocom-
plexes containing HSV-1 antigen in the blood has also been reported [15]. Besides these studies
supporting the role of HSV in etiology, the results of several other studies in which HSV DNA
could not be demonstrated in leukocytes, oral, and genital ulcers of BD and, improvement in
clinical symptoms could not be obtained with antiviral therapy against HSV virus, have lead
to giving up the hypothesis that HSV plays a role in the development of BD [3, 5]. However, in
the light of today’s information, it is thought that the immune response to HSV infection rather
than active infection with HSV may play a role in the pathogenesis of the disease [5].

Since hepatitis viruses play a role in many vasculitic diseases, their role in the etiology of BH
has been investigated. Although, in one study, Hepatitis B virus was detected more frequently
in patients with BD, Hepatitis A, B, C, E and G viruses have not been shown to be associated
with BD [5].

Parvovirus B19, considered to be the causative agent in the development of numerous vascu-
litic diseases, has been detected more frequently in non-ulcerous lesions of BD, such as ery-
thema nodosum, papulopustular reactions, than genital and extragenital ulcers and control
skin biopsies but these results are not enough to prove the role of parvoviruses in BD [5, 16].

In addition to these viruses, it has been suggested that there may also be a relationship
between human immunodeficiency virus, VZV, Cytomegalovirus, EBV and BD, but this relation-
ship has not been proved [5].

Although many infectious agents have been suggested in the etiopathogenesis of BD, there is
no definitely proven or isolated microorganism that plays a role in etiology. For this reason, it
is now widely accepted that BD does not originate directly from infectious agents, but micro-
organisms alter immune response leading to autoimmune and inflammatory diseases. So, the
studies have shifted on the role of the heat shock proteins (HSP), the cytokine profile changes
and, the T cell hypersensitivity.
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4. Heat shock proteins

The more accepted view about the role of microorganisms in the etiology of BD is that the
microorganisms mentioned in the etiology carry some antigens (HSP, etc.) which are simi-
lar to the human proteins and the resulting cross-reaction is the cause of the immunological
response [4, 15, 17]. HSP is a group of proteins that are synthesized by all eukaryotic and
prokaryotic cells, as a result of physiological shock (heat, anoxia, trauma, etc.) and microbial
stimulus, and are expressed on the cell membrane [1, 3]. These proteins protect the cells from
severe damage and premature death (apoptosis) [3]. Bacterial 65-kDa HSP (HSP65), which
was isolated from mycobacterium at first, exhibits a largely similar amino acid sequence with
human mitochondrial 60-kDa HSP (HSP60), and it is thought that the cross-reaction between
them result in immune response [4, 17]. It is postulated that human HSP60-specific auto-
reactive T cell clones are formed as a result of this cross-reaction and immunopathological
changes of BD occur [8]. HSP60 can lead to production of proinflammatory cytokines (IL6,
IL12, IL15, and TNF-a), expression of cell adhesion molecules (ICAM and VCAM) and Thl
immune response by binding to Toll-like receptors 2 and 4 [3].

5. Molecular similarity

Retinal S antigen present in the retina shows homology with HLA-B51 and HLA-B27.
Immune-mediated response to retinal S antigen develops only due to retinal damage after
uveitis [4]. These data suggest that Retinal S antigen may play a role in the pathogenesis of
BD through molecular similarity [3].

Bes-1, a S. sanguinis gene, was found in the monocytes in mucocutaneous lesions of BD. The
more than 60% similarity of the amino acid sequence of the Bes-1 gene with the human intra-
ocular ganglion peptide, Brn-3b, suggests that the uveitis in BD may occur due to molecular
similarity between the microbial and host antigens [18].

6. Antimicrobial peptides

Another research topic related to environmental factors is antimicrobial peptides. Cigek et al.
found serum and saliva concentration of hepcidin, an antimicrobial peptide, in patients with
BD and recurrent aphthous stomatitis are lower than in the control group and concluded that
low hepcidin levels may be associated with oral aphthous lesion development [19].

7. Mannose-binding lectins

Mannose-binding lectins (MBL), part of natural immunity, bind to mannose and N-acetylglu-
cosaminomines on the surface of many microorganisms and lead killing of them by complement
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activation [5]. It is thought that the low level of mannose-binding lectin detected in BD cor-
relates with disease activity and is associated with the colonization of S. aureus in pustular
lesions [20].

8. Gut microbiota

Recent data indicate that gut microbiota plays an important role in human health. The
dysbiosis of gut microbiota has been implicated in the etiopathogenesis of many diseases.
In a recent study, comparing gut microbiota of patients with BD and healthy controls, the
genera Roseburia and Subdoligranulum were found to be significantly depleted in patients
with BD. Also, the butyrate production was found to be significantly decreased in these
patients [21].

9. Conclusion

The etiopathogenesis of BD is still unclear. Although many infectious agents have been pro-
posed in the etiopathogenesis, there is no definitely proven or isolated microorganism that
plays a role in etiology. Today, it is believed that the altered immune response against an
unknown infectious triggering agent in genetically susceptible individuals may play a role in
the pathogenesis of BD.
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Abstract

Behget's disease is a chronic inflammatory disease with an unpredictable course. The dis-
ease may affect almost all organ systems resulting with significant organ-threatening
morbidity and mortality. Mucocutaneous lesions mostly constitute the initial symptoms
of the disease and precede other manifestations. As there is yet no pathognomonic diag-
nostic test in Behget’s disease, the recognition of cutaneous and mucosal findings let the
physician enable an earlier diagnosis and earlier treatment. Therefore, the purpose of this
chapter is to emphasize the importance of the mucocutaneous manifestations of Behget's
disease and to review the mucocutaneous lesions in detail. Finally, childhood Behget's
disease, differential diagnosis and treatment of mucocutaneous manifestations will be
briefly reviewed.

Keywords: Behget’s disease, mucocutaneous manifestations, oral ulcer, genital ulcer,
papulopustular lesions, pathergy test

1. Introduction

Behget’s disease (BD) is a chronic, relapsing inflammatory multi-systemic disease of unknown
etiology with a course of exacerbations and remissions [1-4]. Prevalence of BD is higher in
countries lying along the ancient Silk Road, extending from eastern Mediterranean to East
Asia [5]. Turkey probably has the highest occurrence level of the disease with prevalences of
110420 cases per 100,000 population [6-8]. Today, due to immigrations, BD is encountered
almost all over the world [9, 10].

The disease was first defined in 1937 by the Turkish dermatologist named as ‘Hulusi Behget’
with the presence of ‘triple symptom complex’ of recurrent oral ulcers (OU), genital ulcers
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(GU) and uveitis [1]. After the initial description, it now became increasingly evident that
BD is a multi-systemic disease with involvement of mucocutaneous, vascular, neurological,
musculoskeletal and gastrointestinal systems with significant morbidity and mortality [2, 3,
9, 11, 12]. The main histopathological finding is the vasculitis of the arteries and veins of any
size or thrombophilia according to the site of involvement [13].

Although the exact etiopathogenesis of BD is still unknown, it has been hypothesized that
in genetically predisposed individuals, a development of an inflammatory reaction against
to an infectious, an environmental or an autoantigen and/or the presence of disturbances
in molecular mechanisms in regulating immune responses may contribute to the disease
[2,3, 11, 14-17].

Today, most of the authors classify BD as a group of systemic vasculitis (under the title of
variable vessel vasculitis) as a result of the consensus; 2012 Revised International Chapel Hill
Consensus Conference Nomenclature of Vasculitides” [18].

The first symptoms of BD usually occur in the third and fourth decade of life [2, 4, 9, 19].
However, childhood cases have also been reported [20]. Juvenile BD was found in 7.7% and
family history was found in 11.6% of the patients in the study reported by Alpsoy et al.
[21]. In another study by Gurler et al., the presence of family history in the first degree rela-
tives of patients with BD has been reported as 7.3% [22]. Male patients, a younger onset and
HLA-B51 positive patients are found to have more severe kind of the disease [11, 21, 23, 24].
Contrary to these results, Davatchi et al. found no association between severe organ involve-
ment and male gender except vascular involvement [25]. Clinical features of BD include
OU, GU, ocular inflammation, cutaneous lesions, as well as articular, vascular, neurological,
pulmonary, gastrointestinal, renal and genitourinary manifestations [2—4, 11]. BD may start
with just one or two symptoms but other symptoms may gradually appear over the years
[19, 22, 24, 26-29].

As there is no pathognomonic test, the diagnosis of BD depends on clinical criteria [3]. In 1990,
the International Study Group (ISG) for BD defined new diagnostic criteria by reviewing the
data of 914 patients from 12 centres in seven countries around the world. The ISG criteria for
BD have a sensitivity of 92% and specificity of 97%, compared with previous sets of criteria.
According to these criteria, the diagnosis of BD consists of the presence of recurrent OU in
addition to two of the following features: GU, eye involvement, skin lesions and positive skin
pathergy test. At minimum three episodes of oral aphthous ulcer in a year should be observed
for the diagnosis of BD [30]. In order to increase the sensitivity and specificity, these criteria
are re-assessed and revised [31]. Since patients may present with only OU for a long time
showing a long prediagnostic duration [19, 22, 32].

Various studies from different countries have documented that mucocutaneous manifesta-
tions are the most common, and often the first signs of the disease [2, 3, 9, 11, 21, 22, 24, 26-29,
33-37]. Mucocutaneous findings are the hallmarks of the disease and recognition of them
have a great importance in confirming the diagnosis, in the follow up and in preventing both
the morbidity and mortality [2, 3, 19, 21, 26, 28].
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This chapter aims not only to define the mucocutaneous lesions but also to elaborate the fea-
tures of the mucosal and cutaneous lesions in detail. Furthermore, mucocutaneous lesions in
paediatric BD, differential diagnoses and the management of the mucocutaneous lesions will
briefly be reviewed.

2. Mucocutaneous manifestations

Mucocutaneous manifestations that are observed in the course of BD are as follows: OU,
GU, erythema nodosum (EN)-like lesions, papulopustular (PPL) lesions, superficial throm-
bophlebitis (TFB), extragenital ulcers, Sweet's syndrome-like lesions, cutaneous vasculitic
lesions, pyoderma gangrenosum (PG)-like lesions, erythema multiforme-like lesions and skin
pathergy test (SPT) [2—4, 9, 32].

The above-mentioned mucocutaneous lesions may be the initial findings of BD or may be
observed at any time during the course of the disease [21, 22, 24, 28, 29]. Especially, OU is the
most commonly detected lesion and mostly emerges as the initial clinical finding of the disease
[2, 3,19, 21, 33-37]. OU and GU are mostly considered as the 'fingerprint lesions’. As there is
yet no pathognomonic test for the diagnosis of BD, recognition of these mucocutaneous lesions
let the clinician make an earlier diagnosis, which also enables an earlier treatment [2, 3].

2.1. Oral ulcers

Oral ulcers (OUs) manifest in the majority of BD patients with a ratio of 92-100% in all coun-
tries [2-4, 6, 10, 21, 22, 27, 28, 33]. The majority of the patients experience OU as the most com-
mon presenting clinical manifestation [21, 22, 24, 26, 28, 34, 37]. For the diagnosis of BD, the
presence of recurrent OU is obligatory according to criteria of ISG [4, 30].

OUs are recurrent and painful ulcerations of the oral mucosa characterized by a round or oval
ulceration with sharp borders surrounded by a red erythematous inflammatory area (Figure 1).
The base of the OU is necrotic with a yellowish-white colour. The most common sites are the
mucous membranes of the lips, buccal mucosae, tongue, uvula and soft palate [2, 3, 22]. Clinically,
they look like similar in appearance with conventional aphthae that may be seen in several sys-
temic diseases such as inflammatory bowel disease, Sweet syndrome, systemic lupus erythema-
tosus or recurrent aphthous stomatitis (RAS) [2, 12, 32]. OU in BD tends to recur more frequently
and to be more in number [38]. Main and Chamberlain reported that OUs in BD have a more dif-
fuse erythematous surrounding rim, they are localized more often in soft palate and oropharynx
and they are more in number when compared with the aphthae of RAS [39]. However, no differ-
ence was found in terms of frequency of OU between the two groups [39].

OUs are usually classified into three groups based on the diameter of the ulcer [2, 11]:

1. Minor aphthae are shallow mucosal ulcers with a diameter less than 10 mm. It usually
spontaneously regresses in a couple of weeks without formation of scarring.
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2. Major aphthae have a deeper morphology with a diameter larger than 10 mm. Healing
usually occurs in 3-4 weeks with scarring.

3. Herpetiform aphthae are pinpoint shaped, very small and shallow mucosal ulcers and
localized in crops.

The majority of the patients were found to have minor aphthous ulcer (75%) followed by her-
petiform (20%) and major aphthae (5%) in the study of Vaiopoulos et al. [36]. Different sizes
and types of OU may be seen at the same time in oral mucosa in BD [9]. A study comparing
the characteristics of OU between BD and RAS was performed by Oh et al. They reported that
major OUs were significantly more common in patients with BD, and initiation of OU in BD
was more likely related to menstrual cycle when compared with OU in patients with RAS.
In addition, they also concluded that patients with major aphthae who have accompanying
articular symptoms as initial symptoms should be strictly followed for the possible develop-
ment of BD [40].

Ideguchi et al. evaluated 412 BD patients” data including 16 years follow-up. The results
revealed that a mean of 7.5 years has been proceeded before a definitive diagnosis of BD. In
the same study, 14% of the patients had suffered from OU for more than 20 years before the
diagnosis of BD [19].

In two different studies reported by Alpsoy et al., the mean duration between the OU and the
fulfilment of diagnostic criteria was determined to be 4.3 +5.7 and 3.77 + 4.43 years, respectively,

Figure 1. Aphthous ulcer on the tongue in the patient of Behget's Disease (Courtesy of MD. Assoc. Prof. Miizeyyen
Goniil).
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and it has been concluded that the disease is often diagnosed with a delay of several years after
the appearance of the first sign [21, 26].

Although OUs are the most common and earliest manifestation of BD, a few studies have
been reported indicating a course without the presence of OU at the onset of BD [27, 41-44].
On the basis of this issue, Faezi et al. evaluated the clinical features on 175 patients with BD
who do not have oral aphthosis (NOA) and compared them with the patients with OU. The
results revealed that the first manifestation was uveitis with a ratio of 70.3% in the NOA
group, and a pathergy test was more common in NOA group [41].

2.2. Genital ulcers

Genital ulcers (GUs) are generally the second most frequent disease manifestation [2, 9, 21, 26,
28, 45, 46]. GUs are observed in approximately 60-97% of the patients with BD at any time of
the course of the disease [4, 19, 21, 22, 28, 36, 43, 47]. The lowest frequency was reported from
Romania with a ratio of 55.5% [43]. As an initial symptom, GU was found in 14.2 and 7.4%
of the patients with BD in two different studies from Turkey [21, 22] while in only 4% of the
patients with BD in a study from Moscow [34].

GUs are usually localized on the scrotum and on the shaft of the penis in male patients while
on the labium major and minor in females (Figures 2 and 3). They are rarely seen in the vagina
and cervix in females and on the urethral orifice and glans penis in males [2, 3, 9, 11, 22]. They
are usually painful or very rarely they can be asymptomatic [2]. They have mostly the same
characteristic morphological features of OU. The clinical differences from oral aphthous ulcer
include that GUs are larger and deeper, have more irregular borders and a longer healing
duration. In addition, GU recurs less often and heal with scarring [3, 32, 48]. Therefore, in the
suspicion of diagnosis of BD, scatris of GU on genital region should also be searched.

While some studies have documented higher frequency of GU among one of the genders [21, 24,
35], some did not detect any difference between the two genders [23, 25, 34]. Gender differences
(Male>female) at the onset of GU have been observed in the study by Vaiopoulos et al. [36].

GU may cause severe pain, difficulty in micturition, dyspareunia and marked difficulty in
physical activity. Deep ulcers located in vagina may be complicated by fistulisation to blad-
der, urethra or rectum [2—4, 9].

Mat et al. reported a prospective study investigating the frequency of scarring after GU. This
study revealed that healing with scarring was observed in 49% of small GU while in 89% of
large ulcers. They stated that ulcers on labium minors and vestibule may heal even without
scar formation [48].

Faezi et al. reported 64.7% of 6935 cases with BD had GU during the course of the disease.
They compared clinical and laboratory features between the patients with GU and patients
who never developed GU (non-GU cases). As a result of their study, OU and other cutaneous
manifestations such as pseudofolliculitis and erythema nodosum were found to be higher
while eye involvement was found to be less common in the GU group [46].
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Figure 2. Genital, extragenital ulcers and their scars in male patient with Behget’s Disease (Courtesy of MD. Assoc. Prof.
Miizeyyen Goniil).

Figure 3. Genital ulcer in female patient with Behget’s Disease (Courtesy of MD. Assoc. Prof. Miizeyyen Goniil).
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2.3. Cutaneous lesions
2.3.1. Papulopustular lesions

Papulopustular lesions (PPLs), which are also called as pseudofolliculitis or Behcet’s pus-
tulosis, are dome-shaped papules, which will convert into sterile pustule with an erythem-
atous and edematous base [2—4]. Sometimes it can be localized around a hair follicle [9].
They are commonly seen lesions in BD [2—4]. Various studies have reported an incidence
ranging between 25 and 55% [21, 22, 28, 33, 36]. PPLs have also been reported as an onset
sign [22].

PPLs are usually localized on the trunk, buttocks and extremities [2, 3, 49]. However, they
may be observed on any part of the body and even on palmoplantar regions [9]. In case of
face and chest localization, especially in adolescence period, it may be hard to distinguish PPL
from an ordinary papul/pustule of acne or folliculitis [2].

PPLs were found to occur more frequently in male patients than females in a study by Tursen
et al. [35]. PPLs were found to occur more in patients with positive pathergy test [49].

Since PPLs are non-specific and resemble to ordinary acne pustules and/or folliculitis; some
authors suggest that non-follicular lesions located other than face are more valuable for the
diagnosis of BD [2, 27, 49] while some suggest that PPL should not be included as a diagnostic
criteria [50]. It is suggested to accept PPL as a diagnostic criteria only if leukocytoclastic vas-
culitis or a neutrophilic reaction histopathologically is detected [2, 50].

A study by Kalkan et al. reported the histopathological evaluation of 42 biopsy specimens of
papulopustular lesions of patients with BD. The results revealed leukocytoclastic vasculitis in
seven specimens, lymphocytic vasculitis in three, superficial perivascular and/or interstitial
infiltration in 15 and folliculitis/perifolliculitis in five. No histopathological finding of vasculi-
tis was observed in the biopsy specimens of pustular lesions of the patients with acne vulgaris
in the control group [51].

Another study by Ilknur et al. reported a statistically higher ratio of lymphocytic/leukocyto-
clastic vasculitis pattern in the histopathological evaluation of pustular lesions of the patients
with BD compared with the control group. However, direct immunofluorescence examina-
tions investigating the deposition of IgM, IgG, IgA, C3 or fibrinogen in dermal blood vessels
revealed no difference between the two groups [52].

Chen et al. reported either lymphocytic or leukocytoclastic vasculitis of the 20 biopsy speci-
mens performed from cutaneous lesions of BD. Eight of the 20 biopsy specimens in which
vasculitis detected histopathologically was clinically compatible with PPL [53].

Contrary to these studies, Kutlubay et al. compared the number and histopathological
features of PPL between patients with BD and acne vulgaris, as a result, Kutlubay et al.
assessed a higher number of PPL on the back and extremities in BD group. However, histo-
pathological interpretation was not found to be useful in differentiating PPL between two
entities [54].
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2.3.2. Erythema nodosum-like lesions

Erythema nodosum (EN)-like lesions are frequently observed skin lesions in patients with BD
[9]. The incidences of EN-like lesions have been reported between 15 and 60% in various stud-
ies [21, 22, 24, 28, 55, 56]. In 2.8% of the patients with BD, EN-like lesions have been reported
as an initial symptom [22]. They are more common in female patients [23, 24, 36, 55]. They are
characterized by multiple painful subcutaneous nodules with different sizes. Although they
are preferentially located on the lower limbs, they may also be localized on gluteal region,
upper extremities and neck [2, 3, 9, 22, 55]. They heal within 10-20 days without secondary
ulceration and scatris formation. The resolution generally results with residual hyperpigmen-
tation [2, 3]. The clinical features of EN-like lesions resemble conventional EN [2, 3, 9, 11].
However, it has been noted that EN-like lesions have more erythema and oedema around the
lesions than the classical EN [57]. Coskun et al. reported that the presence of EN-like lesions
precede visceral involvement [55]. Faezi et al. found less common EN-like lesions among the
group of BD without OA in their study in which they compared the two groups with OA and
without OA [41]. Cebeci et al. compared the clinical features of two groups with and without
deep vein thrombosis (DVT) in BD and found more common EN-like lesions in the group
with DVT suggesting that patients with EN-like lesions should be followed up for a possible
DVT [58].

The evaluation of the histopathological features of biopsy specimens performed from EN-like
lesions has been reported in various studies [57, 59, 60]. Chun et al. detected focal lympho-
cytic vasculitis in 40% of the cases with EN-like lesions of patients with BD and suggested
this finding to occur secondary to severe lymphocytic infiltration. On the rest of the cases,
the histopathological changes have been found similar to conventional EN [59]. In contrary,
two different studies revealed the presence of vasculitis in biopsy specimens performed from
EN-like lesions of patients with BD [57, 60].

Misago evaluated the clinicopathological features of EN-like lesions in 26 patients with BD
and revealed the presence of vasculitis histopathologically in 73% of the cases. In addition,
they suggested that the presence of severe vasculitis, especially phlebitis, was associated with
a severe disease course [57].

A study by Demirkesen et al. compared the distinguishing histopathological features of the
biopsy specimens taken from EN-like lesions of BD, nodular lesions of nodular vasculitis
(NV) and conventional EN. Their results revealed neutrophil-predominating infiltrate in the
sub-cutis and vein involvement to be more common in EN-like lesions when compared with
NV and EN [60].

2.3.3. Superficial thrombophlebitis

BD may affect all types of vessels [3, 11, 61]. The prevalence of vascular involvement in BD
has been reported to be between 2.2 and 50% in different patient populations [4, 6, 43, 62-64].
The venous system is the major affected site [9, 11, 61-65]. Superficial thrombophlebitis (TFB)
is seen in approximately 4.9-20% of the patients with BD, and it is more frequently seen in
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male patients [6, 28, 29]. Sarica-Kucukoglu et al. reported superficial TFB as the most common
vascular symptom with a prevalence of 53.3% [62].

Superficial TFB is mostly characterized by linearly arranged erythematous subcutaneous
nodules in lower extremities that migrate from day to day. The vein can be palpated as a
string-like hardening showing the thrombosis and vessel sclerosis [2, 3]. EN-like lesions and
migratory TFB may be thought as the differential diagnosis [2, 3]. Superficial TFB is clinically
important since it is frequently associated with other forms of vascular disease in BD [2, 63].

2.3.4. Extragenital ulcers

Extragenital ulcer (EGU) is usually a solitary, small, round ulcer with a red rim and yellow
base; however, it may have various shapes and sizes [2, 3, 32, 65]. Although observed rarely, it
is the most characteristic and specific lesions of BD [2, 65]. EGU may be localized anywhere on
the body such as legs, axillae, breast, interdigital skin of the foot, neck and inguinal regions.
EGU may persist for a long duration, may be painful and heals usually with scarring [2, 3]. In
a report of Azizlerli et al., four cases of EGU were shown to reveal vasculitis histopathologi-
cally [65].

A study reported by Ozyurt et al. detected that the patients with family history of BD had
more frequent EGU than patients with negative family history of BD [66].

Few series documented common EGU in children [67, 68]. However, due to rarity of BD in
childhood and few reports concerning the clinical findings in children with BD, the character-
istics of the disease in this age group are not completely described [67-69].

2.3.5. Sweet’s syndrome-like lesions

Few cases of Sweet’s syndrome-like lesions have been reported in patients with BD [70-77].
Sweet’s syndrome-like lesions are characterized by painful, edematous papules, plaques and
nodules localized on face, neck and back [3, 70-75]. Fever and laboratory findings such as
leukocytosis, elevated erythrocyte sedimentation rate and C-reactive protein accompany
to the cutaneous lesions [73, 74]. Although clinical and histological overlap exists between
Sweet’s syndrome and BD such as the presence of OU, arthralgia, arthritis, episcleritis,
pathergy positivity and neutrophilic infiltrate in the dermis in both of the diseases, there are
some distinguishing features. In BD, the development of OU is more frequent, fever is rarely
seen, the pattern of articular and ocular involvement is different [3]. In addition, comparing
two diseases by human leucocyte antigen (HLA) typing revealed that patients with BD had
higher frequencies of HLA-B51 and HLA-Dqw3, while patients with Sweet’s syndrome had
higher frequencies of HLA-Bw4 [77]. Sweet’s syndrome-like lesions have been reported to
occur in the acute phase of BD or sometimes have been thought to point a flare in BD [73].

2.3.6. Pyoderma gangrenosum-like lesions

Pyoderma gangrenosum (PG) is another rare neutrophilic dermatosis that may be associ-
ated with BD [78, 79]. Rare cases of PG-like lesions in patients with BD have been addressed

77



78

Behcet's Disease

[78-85]. The lesion is usually characterized by large superficial ulceration localized usu-
ally on the buttock or the lower limbs; however, it may reveal vegetative or bullous vari-
ants [9, 79, 81]. Both diseases may have clinical and histopathological overlap. The patients
with PG may also have OU, GU and pathergy positivity [78, 79]. However, as mentioned
above, the frequency of OU and GU is higher in BD. It has been reported that PG is associ-
ated with the activation of BD [78, 79, 85]. Also, Hali et al. reported two paediatric cases of
BD and PG with a fatal outcome [84].

2.3.7. Rare cutaneous lesions

Other rare cutaneous lesions such as palpable purpura, haemorrhagic bullae, necrotizing
vasculitic lesions, Henoch Schoenlein purpura, polyarteritis nodosa-like lesions, pernio-like
lesions, erythema multiforme-like lesions, acral purpuric papulonodular lesions, furoncles
and abscess may also occur in the course of BD [2, 3, 70, 86-97]. It has been suggested that
lesions of periarteritis nodosa appear as a marker of the severity of BD [91, 92]. These cutane-
ous lesions are mostly presented as case reports [86-97]. It is not clear whether these dermato-
logical manifestations are real associations or coincidental. Therefore, it has been postulated
that only lesions of ‘leukocytoclastic vasculitis’ detected in histopathological examination
should be evaluated as a cutaneous sign of BD [2, 53, 98, 99].

2.3.8. Rare mucosal lesions

Conjunctival ulceration has been reported as a manifestation of BD in a few reports [100-104].
Although it is a rare finding, it has been suggested to be a specific clue for establishing the
diagnosis [102, 103].

2.4. Skin pathergy test

Skin pathergy test (SPT) is a non-specific hyperreactive reaction of the skin that occurs
as a response to a minor trauma such as a needle prick [2, 3]. SPT was first described by
Blobner in 1937 [70, 105]. It is used as an adjunctive test in the diagnosis of BD and accord-
ing to the ISG criteria for BD, a positive SPT is a criteria needed for the diagnosis of BD
[2, 3, 30, 70, 105].

Positive SPT is defined as the development of erythematous, indurated papule which usually
evolves into a sterile pustule at the site of the needle puncture after 24-48 hours (Figure 4)
[70, 105]. Although the exact mechanism of the SPT is still not known, it is thought to occur
as a result of enhanced non-specific inflammatory response and aberrant release of cytokines
triggered by the cutaneous injury [13]. A number of studies investigating the histopathologi-
cal examinations of positive SPT reaction (papule/pustule) revealed findings ranging from
mononuclear cell infiltration at varying densities in perivascular or periadnexal areas to leu-
kocytoclastic vasculitis [106-110]. Ergun et al. evaluated a chronological histopathological
study of sites of SPT and observed intraepidermal pustules and polymorphonuclear infiltrate
at the beginning of the inflammation [108]. Androjen receptor levels were found higher in
positive SPT sites when compared with normal skin [111].
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Figure 4. Pathergy positivity in Behget’s Disease (Courtesy of MD. Assoc. Prof. Miizeyyen Goniil).

Although the positivity of SPT has been accepted as a criteria in the diagnosis of BD, there is
no consensus about performing a standardized method of SPT [105, 112-117]. It is usually per-
formed under sterile conditions with a 20-gauge needle inserted intradermally into the avas-
cular area on the forearm skin of patient with an angle of 45° [105, 112, 113]. Various techniques
such as pricking with multiple needles with various applying routes including intradermal,
intravenous and subcutaneous methods have been reported [9, 105, 112, 114-116]. Multiple
punctures are mostly required [9, 114, 115]. Davatchi et al. suggested three intradermal punc-
tures perpendicular or diagonally one with a 25-gauge needle with intradermal injection of
one drop of normal serum saline, one with a 25-gauge needle alone (just a puncture, with
no injection) and the last with a 21 gauge needle (puncture, no injection) [115]. A study by
Ozdemir et al. suggested that two needle pricks are sufficient for positive SPT [114]. Another
study by Ozdemir et al. analysed the changes of SPT positivity in different body areas such as
flexor surfaces of the forearms, the lateral aspect of the tibial area, the scapular areas on back,
and the lumbar areas of the abdominal region. They concluded that forearm was the most
frequent site positive for pathergy reaction whereas abdomen was the least [113]. Akmaz et al.
reported higher rate of positivity in SPT by intradermal application compared with intrave-
nous application [117]. Dilsen et al. performed SPT with different needles including sharp and
blunt needles in which they confirmed higher frequency of positivity with blunt needles [112].
Sharquie et al. demonstrated an alternative method of which they inserted the needle inside
the mucous membrane of the lower lip to the sub-mucosa. However, the sensitivity of the oral
pathergy test has been reported lower than of the classical pathergy test [118].

Various prevalence rates of SPT positivity in BD have been reported by several studies [21,
22, 119-123]. The positivity of SPT varies between 40 and 88% with a higher prevalence
in Japan and Mediterranean countries, whereas it is lower in countries such as the United
Kingdom and the United States [2, 3, 9, 22, 45, 98, 119-123]. Alpsoy et al. reported the posi-
tivity of SPT as 37.8% in their study including 661 Turkish patients with BD [21]. A study
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comparing the positivity of SPT between Turkish and British patients with BD revealed the
positive reaction was only present among Turkish patients [119]. In a German study, SPT
revealed positive results in 33.7% of patients with no significant difference between Turkish
and German patients with BD [123]. The factors that may affect the rates of positivity of SPT
include genetic variables, variations in ethnic origins of the patients, factors related to the
method and materials used to perform the SPT and conditions of the patient and the disease
[105, 112-114, 124-126].

Contrary results have been reported about the relationship between positive SPT and clinical
course of BD [22, 125-128]. Chang et al. found that positive SPT was specific for BD, but not
associated with clinical severity [125]. Similarly, Krause et al. found no difference in terms
of clinical manifestations and severity in the comparison of pathergy positive and negative
patients with BD [126]. Although Yazici et al. have found no correlation between disease
severity and positive SPT, they reported that male patients with BD have stronger pathergy
reaction [127]. Jorizzo et al. reported a correlation between the histopathological pathergy
results and clinical severity [109]. Kog et al. detected higher positive SPT test in patients with
vascular involvement compared to patients without vascular involvement [128].

It has been reported that the frequency of SPT positivity has decreased during the last
years [115, 125, 129]. One of the best reasons for this issue is the use of disposable needles,
which are less traumatic than non-disposable ones [105, 112, 125]. A study by Davatchi
et al. investigated the sensitivity and specificity of SPT among 6607 patients followed
between the years 1975 and 2010. Their results revealed that the sensitivity of pathergy
test has declined, but it still preserves its specificity [115]. Moreover, positivity of SPT in
many diseases other than BD has been detected. Neutrophilic dermatoses such as Sweet
syndrome, PG, erythema elevatum or other diseases such as RAS, eosinophilic pustular
folliculitis, inflammatory bowel diseases and spondyloarthropathies are some in which
pathergy reaction positivity has been shown [70]. Despite everything, SPT has still a diag-
nostic value [115].

3. Childhood Behget’s disease and mucocutaneous manifestations

BD in childhood is rare, has a variable clinical course and less investigated [68, 69, 130-139].
Paediatric onset of BD was found in 5.3 and 7.6% of all the cases [130, 133]. In the study includ-
ing 661 cases of BD, juvenile BD has been reported in 7.1% [21]. In paediatric cases, a family
history of BD has been more frequently observed [21, 68, 130, 131, 136, 137].

The diagnosis of paediatric BD in the reported studies was based on the criteria of ISG and
ICD [30, 31]. A recent classification was proposed by Kone-Paut et al., and according to this
classification, the presence of any three items among recurrent oral aphthosis, GU, ocular
involvement, neurological and vascular signs makes the definitive diagnosis of BD [135,
140].
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The onset of BD has been reported at any age between 0 and 16 years [131, 136, 137]. The
lowest mean age of 4.8 years old was reported by Nanthapisal et al. [134]. Similarly to clini-
cal symptoms of adulthood BD, OU was present in most of the children and also constituted
the initial symptom in most of the cases [68, 131-139]. The localization and morphology of
OU in children were also similar to the characteristics of adulthood OU [136, 137, 140]. GU
was detected between 55 and 94% of the paediatric cases [131, 135-138]. Distinctively from
adult cases, the presence of GU has been reported significantly lesser than adults [131, 132].
However, Treudler et al. did not reveal any differences in the ratio of GU between childhood
and adulthood BD [68], and Nanthapisal et al. detected recurrent GU more frequently in
females [134]. The characteristics of GU were also found similar to the ones seen in adults
[136, 137]. Another distinctive feature, perianal aphthosis was to be a specific feature of child-
hood BD [135].

Skin lesions were reported to occur between 64 and 92% of childhood BD [70, 135, 137, 138].
Kone-Paut et al. reported EN-like lesions in 40% and necrotic folliculitis in 58% [136], while
Borlu et al. reported EN-like lesions in 18% and PPL in 47% of the patients [137]. Kone-
Paut et al. reported necrotic folliculitis more frequently in male patients [136]. However,
no gender differences were detected in terms of skin lesions in the study of Borlu et al.
[137]. Erythema multiforme-like lesions and TFB have been less frequently reported [70].
Positive SPT has been reported in 37, 80 and 76% of the patients in three different studies
[131, 136, 137].

Nanthapisal et al. documented skin findings in 11 (23.9%) of 46 patients: These were pustular
lesions in three, skin ulceration in two, EN in two, necrotic folliculitis in two, PPL in two and
positive SPT in three of the five patients [134].

The duration between the initial symptom and fulfilment of diagnosis of BD has been reported
as 3.14 years in the study of Karincaoglu et al. [131], while a significant diagnostic delay up to
13.5 years has been reported in the study of Nanthapisal et al. [134]. This may be caused due
to rarity and unfamiliarity of the disease in Northern Europe.

Contflicting reports have also been found in the systemic expression of BD in children [130,
132, 133]. BD was usually reported to have a less severe disease [132, 140]. Pivetti-Pezzi et al.
reported similar rates of OU, GU, skin lesions in the comparison of adulthood and childhood
BD. In addition, no differences were observed in the incidence of arthritis, gastrointestinal
and neurological involvement except more severe ocular involvement in childhood. Another
study by Sarica et al. compared the patients with mild and severe diseases. An earlier onset
and more systemic involvement were found in patients with severe form of the disease [130].
More frequent neurological and gastrointestinal involvements were observed in childhood
BD in the study of Karincaoglu et al. [131].

Generally, it can be interpreted that juvenile BD has a similar clinical spectrum to adulthood
BD. The differences in frequency and clinical courses may reflect the geographic, ethnic and
genetic variations.
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4. Differential diagnosis of mucocutaneous manifestations

The differential diagnosis of mucocutaneous manifestations will not be addressed in detail as
this subject does not constitute the main topic of this chapter. Only the essential differential
diagnoses of OU, GU, EN-like lesions will be given below.

Oral ulcer [2, 32, 141]:

¢ Infectious etiology: Herpangina, primary herpetic gingivostomatitis, hand-foot and mouth
disease, HIV, syphilis, tuberculosis, etc.

¢ Systemic diseases: Systemic lupus erythematous, Reiter’s disease, Wegener’s granulomato-
sis, blood disorders (neutropenia, leukaemia), iron deficiency, vitamin B12 deficiency, etc.

* Gastrointestinal diseases: Inflammatory bowel diseases, Celiac Disease

* Primary skin conditions: Sweet’s syndrome, RAS, autoimmune bullous disorders (pemphi-
gus vulgaris, pemphigoid, linear IgA disease, etc.)

* Medication induced: Cytotoxic agents, nicorandil, etc.
¢ Malign neoplasms
Genital ulcer [2, 32, 142, 143]:

¢ Infectious etiology: Genital herpes simplex, syphilis, chancroid, lymphogranuloma vene-
reum, granuloma inguinale, HIV, etc.

¢ Non-microbial etiology: Erythema multiforme, fixed drug eruption, Lipschiitz ulcers, met-
astatic Crohn’s disease, hidradenitis suppurativa, PG, pressure ulcers, sexual trauma, pso-
riasis and malignancies.

Papulopustular lesions [2, 54, 144, 145]:

e Infectious etiology: Gram-positive folliculitis, Gram-negative folliculitis, Pityrosporum fol-
liculitis, Demodicidosis, viral plane warts

¢ Eosinophilic pustular folliculitis
* Acne vulgaris

Erythema nodosum-like lesions [2, 70]:
e Classical EN

e Nodular vasculitis

e Panniculitis

e Cellulitis

Extragenital ulcers [146]:
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¢ Infectious etiology: Necrotizing fasciitis (Streptococcus haemolyticus), botryomycosis
(commonly Staphylococcus aureus), ecthyma gangrenosum (Pseudomonas aeruginosa, an-
thrax (Bacillus anthracis), sexually transmitted diseases (syphilis, granuloma inguinale),
herpes simplex, leishmaniasis, etc.

e Autoimmune diseases: Scleroderma, rheumatoid arthritis, cutaneous lupus erythematosus,
vasculitis, etc.

® Systemic disorders: Blood diseases (Polycythemia vera, sickle cell anaemia, thrombotic
thrombocytopenic purpura, paraproteinemia, etc.)

e Medication-induced: Hydroxyurea, methotrexate, chemotherapeutics and
immunosuppressives

¢ Primary skin conditions: Necrobiosis lipoidica, sarcoidosis, pyoderma gangrenosum, pan-
niculitis, etc.

e Factitial: Dermatitis artefacta, Munchausen by proxy, etc.

5. Treatment of mucocutaneous manifestations

Oral and genital ulcers can be treated with topical and systemic treatments [3, 147-152]. In
recurrent OU with or without GU, systemic colchicine (1-2 mg/day) must be started as a
first choice of treatment [147-149]. Topical steroids, topical sucralfate, local anaesthetics, and
tetracycline oral mouth washes are usually combined with oral colchicine treatment [147].
In case of more severe and painful OU and/or GU, a short duration of systemic steroids
may be added with colchicine. Corticosteroids combined with systemic antibiotics can be
used to decrease the severity of GU attacks [147-149]. In patients with severe mucocutane-
ous manifestations, immunosuppressive drugs such as azathioprine (AZA), methotrexate
(Mtx), cyclosporine A may be used [149]. AZA has been found effective in preventing the
recurrences of thrombophlebitis [147]. Thalidomide is another choice of therapy in recalci-
trant OU and/or GU. However, it is not preferred due its high toxic effects [147, 149, 150].
Pentoxifylline, dapson, zinc sulphate, IFN-a and rebamipide are other alternative treatments
worth for trying in OU. However, larger and well organized studies are needed in order to
clarify their efficacies. In case of EN-like lesions, bed rest is usually required. Especially in
female cases with GU and EN-like lesions, the combination of colchicine and benzathine pen-
icillin is recommended [148]. This treatment combination has also been reported to decrease
the frequency and duration of both OU and EN-like lesions [150]. IFN-at has been reported
to decrease not only the frequency of GU and EN-like lesions but also the number of PPL
[151]. Anti-TNF drugs are being used with success in patients with refractory mucocuta-
neous manifestations [151, 152]. Recent studies of interleukin-1 (IL-1) inhibitors (anakinra,
canakinumab) have demonstrated efficacy in OU and GU resistant to conventional therapy
[150]. Finally, apremilast, phosphodiesterase 4 inhibitor, has been reported to be effective in
treating OU and GU [150, 152]. The treatment options can be seen more detailed in Table 1.
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Mucocutaneous manifestation  Topical Systemic

Oral ulcer Topical steroids Colchicine
Topical sucralfate Tetracycline
Local anaesthetics Azithromycin
Topical amlexanox Systemic steroids (short term)
Local silver nitrate 5% Rebamipide
Dapson
Immunosuppressive drugs (AZA, Mtx)
Thalidomide
Anti-TNF drugs
TFN-a
Pentoxifylline
Cyclosporine A (Cyc A)
Tacrolimus
Apremilast
Anakinra
Canakinumab

Genital ulcer Topical antibiotics Colchicine

Topical steroids Tetracycline

Local anaesthetics AZA, Mtx
CycA
IFN-a
Anti-TNF
Apremilast
Anakinra
Canakinumab

Papulopustular lesion Colchicine
Azithromycin
CycA
IFN-a
Thalidomide

Eryhthema nodosum-like lesions Bed rest Colchicine
Wet dressings (aluminium acetat3 3-5%) NSAIL
Systemic steroids (short term)
Colchicine+benzathine penicillin
Dapson
Anti-TNF

Table 1. Treatment options for mucocutaneous manifestations.

6. Conclusion

Mucocutaneous lesions are the most important criteria in establishing the diagnosis of BD.
In case of recurrent OU, GU and other cutaneous findings mentioned above, it is important
to remind the possibility of BD in the diagnosis, which will permit an earlier diagnosis and
enable a decrease in mortality and morbidity.
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Abbreviations

AZA Azathiopurine

BD Behget’s disease

DVT Deep vein thromboses
EGU Extragenital ulcer

EN Erythema nodosum

GU Genital ulcers

HLA Human leucocyte antigen
IFN-a Interferon-alpha

ISG International study group
Mix Methotrexate

NV Nodular vasculitis

PG Pyoderma gangrenosum
PPL Papulopustular lesions
RAS Recurrent aphthous stomatitis
SPT Skin pahergy test

TFB Thrombophlebitis

ou Oral ulcer
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Abstract

Behget's disease is a complex disease characterized by remission and activation periods
of unknown duration. It has an unpredictable course. Behget’s disease shows a heteroge-
neous pattern of organ involvement that occurs in recurrent episodes of acute inflamma-
tion throughout the course of the disease. Disease activity in Behget’s disease is difficult
to define because of its fluctuating course, lack of laboratory tests reflecting overall dis-
ease activity, absence of a standardized form to report the severity of Behcet’s disease
manifestations and also trying to develop new diagnostic criteria. This led to the devel-
opment of standardized disease activity index. To be useful, a measurement of disease
activity must be valid, reliable, and simple enough to use in routine clinical practice. We
will try to explain what the situation is in terms of Behget’s disease activity index.

Keywords: Behget, activity, disease, criteria, remission, activation

1. Introduction

As with many inflammatory diseases, Behget’s disease has a course including periods of
remissions and exacerbations. Exacerbation periods are unknown, and it is difficult to predict
the duration of attacks. In addition, the severity of disease varies from one patient to another,
and for a given patient, it varies from one period to another [1]. The disease has an unpredict-
able course.

There are no laboratory markers compliant with the clinical findings in Behget’s disease.
Therefore, disease activity is evaluated based on the clinical history. The reliability of
the patients’” answers to retrospective questions decreases as the time interval increases.
Since the disease characteristics such as exacerbation, remission, severity of the attack, and
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duration of the attack are not known, the disease is refractory. It is also difficult to identify
whether the remission in disease findings is due to the response to treatment or to the dis-
ease course. Therefore, during the treatment period, clinicians frequently rely on clinical
findings of exacerbation and quality of life scales. However, since these parameters have not
been standardized yet, they are not reliable in the evaluation of the response to treatment.
In addition, clinical drug researches are far from measuring the treatment efficacy with
sufficient sensitivity. In conclusion, it is difficult to define the disease activity in Behget's
disease, as:

(1) the disease has a fluctuant course;

(2) thereis not an established laboratory test which would represent all the disease findings;
(3) there is not a standard test to explain the severity of disease symptoms; and

(4) new diagnosis criteria are being developed, which cause diagnostic difficulties [2].
Activity scales and laboratory findings in the evaluation of Behget's disease are, however,
important in understanding the treatment and course of the disease. An ideal activity scale
for Behget’s disease should have the following properties:

(1) It should be sensitive to clinical changes.

(2) It should be authentic.

(3) It should be able to evaluate all the organs and systems involved.

(4) It should be sensitive to different effects on morbidity and life quality caused by different
organ and system involvements.

(5) It should be able to evaluate the fluctuations in the natural course of the disease.
(6) It should be understandable and easily applicable.

(7) It should not be time consuming.

(8) It should be valid for different communities.

(9) It should not be affected by the differences in practitioners [3].

In addition, there are two kinds of activity scales in Behget’s disease. While the first one evalu-
ates the specific organ activity, the other one is a general activity scale.

The Composite Index for the oral ulcer activity, which is used for aphthous stomatitis, mea-
sures the pain intensity and functional response. In the Composite Index, the presence of
active oral aphthous stomatitis within the past month, pain caused by the lesion and, in addi-
tion, eating, masticatory, gustatory, and speech disorders are scored. However, it is not spe-
cific to Behget’s disease and can be used in other diseases with a course of aphthous stomatitis
[4]. The Disease Activity Index for Behget’s disease has been developed to evaluate the intes-
tinal activity of Behget’s disease, although its use is limited, except in Korea where it was
developed [3, 5].
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Yazici et al. developed Turkish Behget’s Disease Activity Index, and later performed activity
index studies for Iranian Behget’s Disease and European Behget’s Disease [6, 7]. Finally, in
Behget’s Disease meeting in Leeds, UK in 1994, both studies were combined, redefined, and
evaluated as Behget’s disease current activity form by Bhakta [8].

First activation criteria were defined by Yazici et al. in Turkey. The body parts affected by
Behget's disease were classified into five groups and scored based on the level of the impact.
Based on these criteria, the eyes, the skin, involvement of the vascular bed, arthritis, and
neurological involvement were considered. This form evaluates the findings at the time of
patient’s admission, and retrospective evaluation cannot be performed (Table 1) [6].

The Iranian Behget’s Disease Activation Form (IBDDAM) was defined by Davatchi et al. in
1991. It evaluates 18 clinical symptoms and pathergy test within the past 4 months [7]. Activity
within the past 12 months can be evaluated and a mean activity score is obtained. Each 5
aphthous stomatitides, each 1 of the genital ulcers, each 10 folliculitis, each 1 of the erythema
nodosum, superficial thrombophlebitis, and positive pathergy test gets 1 point. Eye involve-
ment is evaluated based on the severities of anterior and posterior uveitis and retinal vasculitis,
and uveitis is multiplied by the constant 2 and retinal vasculitis is multiplied by the constant
3. Gastrointestinal system is scored between 3 and 6, central nervous system between 1 and 6,
and arthritis between 1 and 3. An additional 2 points is added for deep veins, 6 for large veins,
and 2 for the presence of epididymitis. If these findings are being observed for more than 1
month, scores equivalent to the total sum of scores are added for each month (Table 2).

Involvement Evaluation

Eye 0 - normal
1 - only vitreous or anterior chamber inflammation
2 - visual acuity 0.5
3 — visual acuity 0.3
4 — a few meters finger count

5 —blindness

Skin 1 - oral ulcer
1 - erythema nodosum

1 - genital ulcer

Vascular involvement 5 - vena cava superior or inferior thrombosis and/or arterial occlusion
4 — vena cava superior or inferior thrombosis
3 — calf vein thrombosis or superficial thrombophlebitis requiring rest
2 - bilateral calf vein thrombosis and/or superficial thrombophlebitis

1 — unilateral calf vein thrombosis and/or superficial thrombophlebitis
Arthritis 1 - each joint

Neurological involvement 2 —intracranial hypertension
3 — multiple sclerosis like syndrome

4 — pyramidal and/or cerebellar involvement

Table 1. Turkish Behget activity criteria.
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Oral ulcer Every 5 ulcer 1 point

Genital ulcer Each lesion 1 point

Skin lesion Every 10 papulopustulosis 1 point, every 5 erythema nodosum 1 point
Eye Anterior uveitis: 1-4 points (cell, hypopyon, precipitate)

Posterior uveitis: 1-4 points (posterior cell, snowball, snowbank)
Retinal vasculitis: 1-4 points (papil edema, macular edema, papillitis, arthritis)
Arthritis Arthralgia 1 point (irrespective of the number of joints)
Monoarthritis 2 points
Polyarthritis 3 points
Central nervous system Isolated lesion 1 point
Mild involvement 3 points
Severe involvement 6 points
Thrombosis Superficial thrombophlebitis 1 point
Thrombophlebitis in deep venules 2 points
Large vein involvement 6 points
Gastrointestinal involvement Mild symptom 3 points (chronic diarrhea, rectal hemorrhage)
Severe symptom 6 points
Epididymitis 2 points

Pathergy test (+) 1 point

Table 2. Iranian’s Behget activity criteria.

The European Behget’s Disease Index was defined in 1993. Oral ulcer, genital ulcer, skin,
and joint symptoms are evaluated based on the past month. In the eye, gastrointestinal sys-
tem, central nervous system involvement, scoring is based on symptoms and findings. Eye
involvement is scored between 0 and 47, involvement of any other organs except the eye is
scored between 0 and 5 [9].

The aforementioned indices were found insufficient due to their inability to evaluate all organs
and systems, not being easily applicable, and inability to be tested for validity for different com-
munities. Following the consensus meeting in 1994, Behget's disease current activity index was
defined to eliminate the disadvantages in other indices. Ten symptoms frequently observed
in Behget's disease were evaluated. Among these symptoms, fatigue, headache, oral ulcers,
genital ulcers, erythema nodosum or superficial thrombophlebitis, papulopustular eruption,
arthralgia, arthritis, nausea, vomiting or abdominal pain, and bloody diarrhea are evaluated
for the past 4 weeks with scores between 0 and 4. The eye, large veins, and central nervous sys-
tem, the other three organ systems, are evaluated with two different variables. The patient’s
feelings about the disease activity within the past 4 weeks are questioned and marked on two
visual Likert-type scales with seven different facial expressions. Similar visual score is used by
the clinician to evaluate total disease activity. The patient does not have a self-evaluation form
and clinical appointment and the decision of the clinician are required (Table 3).
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Japanese Behget’s disease activity phase classification was performed in 2003 [10]. In the active
phase, presence of subcutaneous venous thrombosis, skin findings (i.e., erythema nodosum
and genital ulcer), arthralgia, gastrointestinal ulcer, central nervous system lesions, vasculitis,
or epididymitis, and serum CRP, cerebrospinal fluid, colonoscopy in the clinical examination
including ophthalmologic examination, and other clinical laboratory findings are evaluated.
In this evaluation, presence of a score of two or more for oral aphthous stomatitis, genital
ulcer, skin and eye symptoms, or presence of the defined symptoms of Behget’s disease, are
defined as active phase. In addition, for the activation phase, there are some information
which are advised to be taken into consideration:

BEHCET'S DISEASE CURRENT

s
International Society for Behcet's Diseose ACTIVITY FORM 2006
Date: Name: Sex: M/F
Centre: Telephone Date of birth:
Country:
Clinician: Address:

Il scoring depends on the symptoms present over the 4 weeks prior to assessment.
nly clinical features that the clinician feels are due to Behcet's Disease should be scored.

PATIENT'S PERCEPTION OF DISEASE ACTIVITY
(Ask the patient the following question:)

"Thinking about your Behget's disease only, which of
these faces expresses how you have been feeling over

the last four weeks? "(Tick one face) @ @ @ @ @ @ @

HEADACHE, MOUTH ULCERS, GENITAL ULCERS, SKIN LESIONS, JOINT INVOLVEMENT AND
GASTROINTESTINAL SYMPTOMS

Ask the patient the following questions and fill in the related boxes "Over the past 4 weeks have you had?"

(please tick one box per line)

Present
not at all |for up to 4
weeks
Headache
Mouth Ulceration
Genital Ulceration
Erythema
Skin Pustules
Joints - Arthralgia
Joints - Arthritis
Nausea/vomiting/abdominal pain
Diarrhoea+altered/frank blood per rectum
EYE INVOLVEMENT
(Ask questions below)
(please circle)
Right Eye Left Eye

"Over the last 4 weeks have you
had?" ared eye No Yes No Yes

a painful eye No Yes No Yes

blurred or reduced vision No Yes No Yes
If any of the above is present: "Is this new"? No Yes

(circle the correct answer)
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NERVOUS SYSTEM INVOLVEMENT (include intracranial vascular disease)

New Symptoms in nervous system and major vessel involvement are defined as those not previously
documented or reported by the patient

(Ask questions below)

Over the last 4 weeks have you had any of the following? please circle tick if new
blackouts No Yes
difficulty with speech No Yes
difficulty with hearing No Yes
blurring of/double vision No Yes
weakness/loss of feeling of face No Yes
weakness/loss of feeling of arm No Yes
weakness/loss of feeling of leg No Yes
memory loss No Yes
loss of balance No Yes

Is there any evidence of new active nervous system involvement? No

MAJOR VESSEL INVOLVEMENT (exclude i ial lar di )

(Ask question below)

"Over the last 4 weeks have you had any of the following?" please circle tick if new
had chest pain No Yes
had breathlessness No Yes
coughed up blood No Yes
had pain/swelling/discolouration of the face No Yes
had pain/swelling/discolouration of the arm No Yes
had pain/swelling/discolouration of the leg No Yes

Is there evidence of new active major vessel inflammation? No [yesT

CLINICIAN'S OVERALL PERCEPTION OF DISEASE ACTIVITY

Tick one face that expresses how you feel the patient's

disease has been over the last 4 weeks. @ @ @ @ @ @ @

Add up all the scores which are highlighted in blue (front page items, one tick = score of 1 on index, all other items
score 'yes' = 1. You should now have a score out of 12 which is the patient's Behget’s Disease Activity Index Score.

Table 3. Behget's disease current activity form.

(1) Increasing the drug dose, changes in or addition to the medication must be done, if the
findings are indicating the active phase.

(2) Since they are not good criteria for the disease activity, only in the presence of oral aph-
thous stomatitis and papulopustular eruption, other suggested symptoms and past find-
ings should be considered (number, width, changes in the frequency, and length of the
recovery).

(3) In cases with distinct attacks, such as uveitis, active phase is concordant with the attack
duration and usually regresses within 2 weeks. However, if distinct inflammatory find-
ings last longer than 2 weeks, it is assumed that active phase continues.
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(4) Cases in inactive phase can suddenly become active.

(5) Inactive phase, which is defined as the stable phase (remission), means 0 activity index
for more than 1 year [10].

The activity index is presented in Table 4.

Other than these activity indices, there are indices mostly used in their country of develop-
ment and have a more limited use. The Behget’'s Disease Activity Index by Yossipovitch in
1993 (Tables 5 and 6), the index prepared by Krause et al. to measure the activity of Behget’s
disease in their publication in 1999 (Table 7), clinical activity scoring defined by Chang et al.
in 2002 (Table 8), and the index defined in Korea in 2003 can be used to measure the activity
of Behget's disease [11-14].

Behget’s disease does not have any parameters or tests which may be indicative of specific
activity. However, there are some laboratory parameters that can lead to further investigation
in the clinically relevant area.

Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) levels have been shown
to be unrelated to disease activity [15]. ESR and CRP levels may be elevated when the disease
is inactive, or there may be no elevation of specific organ involvement in the active phase.
Higher levels are considered a clue for further research [8]. Human leukocyte antigen (HLA)-
B51 is still known as the strongest genetic susceptibility factor. The T-helper 17 and interleukin
(IL)-17 pathways are active, as well as play an important role, particularly in acute attacks of
Behget’s disease. Neutrophil activity is increased in Behget’s disease, and the affected organs
show a significant neutrophil and lymphocyte infiltration. HLA-B51 association and increased
IL-17 response are thought to play a role in neutrophil activation [16]. Human mitochondrial
heat shock protein (HSP) is highly homologous with microbial HSP and provokes prolifera-
tion of autologous T cells in Behget's disease patients [10]. The HSP 60/65 plays an important
role in Behget’s disease mucocutaneous lesions [10]. The Serum IL-12 levels correlate with dis-
ease activity and higher levels of soluble TNFR-75 are presented in active Behget’s disease [17].

In the active phase of Behcet’s disease, oxidation protein products which can be considered as
acute phase proteins, such as neopterin, anti-streptolysin, rheumatoid factor, amyloid-A, al-
antitripsin, f2-microglobulin, myeloperoxidase, and malondialdehyde levels, were found to
increase [18-21]. On the other hand, a decreasing tendency in antioxidant enzyme levels, such
as superoxide dismutase, catalase, and glutathione peroxidase, can be detected [22]. There was
an increment in the presence of IgA, IgM, sometimes IgD, IgG-containing immunocomplexes in
patients with Behget’s disease [23]. It has been also shown that an increase is observed in salivary
IgA levels during oral aft activation [24]. P-selectin, I-selectin, and L-selectin among the adhe-
sion molecules during the activation period in Behcet's disease and increases in the expression
of SICAM-1 during uveitis episodes have been detected [25-27]. The increased E-selectin levels
were associated with Behget’s disease particularly the eye, central nervous system involvement,
and thrombosis activation [28]. Increases in homocysteine levels have been demonstrated in
Behcet;’s disease patients in which thrombosis has developed, and it has been suggested that
the level is more related to endothelin and nitric oxide [29, 30]. Plasminogen activator inhibitor-1
levels were increased in thrombosis and arthritis attacks in Behget’s disease [31].
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Active phase

Non-active phase

Oral ulcer

Skin lesion

Eye

Arthritis

Gastrointestinal involvement
Epididymitis

Vascular involvement

Central nervous system
involvement

One of the following symptoms is found: uveitis, subcutaneous venous
thrombosis, skin lesion such as erythema nodosum, genital ulcers (those
relating to the female sexual cycle should be excluded), arthralgia, intestinal
ulceration, progressive central nervous system lesions, progressive vasculitis,
and epididymitis

Inflammatory findings are also evident from clinical examination (including
ophthalmological findings) and/or clinical laboratory findings (serum CRP,
findings in cerebral fluid, findings by colonic fiberscopy, and others)

As for oral aphthous ulcers, skin/genital ulcers, and ocular symptoms, cases
with a score of 2 or above are defined as BD in the active phase

Cases excluded by the above definition for active phase

1 - Dosage up, change or addition of therapeutic reagents is generally
required in the active phase

2 - As for cases with only oral aphthous ulcers or follicular papules, careful
diagnosis is recommended taking into account other symptoms or past
symptoms, since these symptoms are not good criteria for disease activity

3 —In cases of lesions in which attack is obvious, for example, uveitis, active
phase corresponds to the attack phase and the lesions continue for no longer
than 2 weeks in general. However, if obvious inflammatory findings continue
for more than 2 weeks, cases can be diagnosed as in the active phase at
present

4 — One should consider that it is possible that cases in the inactive phase
suddenly move into the active phase

5 — Stable phase (remission) is defined as the inactive phase with the activity
index of 0 for more than 1 year

0 —none

1 - less than 2 weeks in the last 4 weeks

2 — more than 2 weeks or more than 2 weeks in the last 4 weeks

3 —lesion last 4 weeks

0 —none
1 - less than 2 weeks in the last 4 weeks
2 — more than 2 weeks or more than 2 weeks in the last 4 weeks

3 —lesion last 4 weeks

0 -none
1 -1 episode in the last 4 weeks
2 -2 episodes in the last 4 weeks

3 -3 episodes in the last 4 weeks

Arthritis, walking difficulty, deformity

Acute/chronic abdominal pain, melena

Pain, swelling

Cardiac/aortic disease, middle or small vein occlusion, thrombophlebitis

Headache, dizziness, paralysis

Table 4. Japan’s Behget activity criteria.
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Mild involvement

Severe involvement

Minor oral aphthous and genital ulcer
Skin symptoms

Arthritis less than two joints

Major oral ulcer and genital ulcer
Arthritis more than two joints

Eye symptoms

Neurological symptoms

Big vessels involvement

Table 5. Yossipovitch’s activity form.

Mild involvement

Moderate involvement

Severe involvement

Oral ulcer

Genital ulcer

Skin symptoms

Arthritis less than three joints
Recurrent genital ulcers

Mild anterior uveitis

Anterior and posterior uveitis
Big vessel involvement
Arterial aneurysm

Arthritis more than three joints

Table 6. Yossipovitch’s activity form.

Mild (each one 1 point)

Moderate (each one 2 points)

Severe (each one 3 points)

Oral ulcer

Genital ulcer

Skin lesion

Arthritis

Recurrent headache

Epididymitis

Mild gastrointestinal disease (chronic diarrhea, abdominal pain, etc.)
Superficial vein thrombosis

Chest pain

Arthritis

Deep vein thrombosis

Anterior uveitis

Gastrointestinal bleeding

Posterior or panuveitis, retinal vasculitis

Arterial thrombosis or aneurysm

Big vein thrombosis (vena cava, hepatic vein, etc.)
Neurological involvement

Bowel perforation

Table 7. Krause’s activity form.
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1 point Oral ulcer

Genital ulcer

Skin lesion (erythema nodosum-like lesion, pp eruption)

Superficial thrombophlebitis
2 points Arthritis more than two joints

Gastrointestinal ulcer with complication

Small or medium diameter vascular involvement is not related to the vital organ
3 points Uveitis

Gastrointestinal tract involvement with perforation or bleeding

Big vessels involvement

Vital organ involvement (brain, lung, heart, etc.)

Table 8. Chang’s activity form.

2. Pathergy test

The skin pathergy reaction is highly specific for Behget’s disease; there is considerable varia-
tion in the rate of positivity in patients from different geographical areas, which limits its
clinical usefulness. A positive pathergy reaction is common in patients from Iran, Turkey, and
Japan, but rare in those from the UK, the USA, and France [8].

Correlation studies with the disease activity of the pathergy test are insufficient. It has also
been suggested that the pathergy test may be a positive relationship for the formation of
oral aphthae, genital ulcer, arthritis, papulopustular eruption, and erythema nodosum, and
a negative relationship to the presence of uveitis and venous thrombosis [32, 33]. Generally,
there was no correlation between the severity of the disease and the pathergy test and it was
stated that the positivity ratio could be increased by using nondisposable blunt needle [34]. It
has been reported that the group defining the IBDDAM criteria may be able to detect positiv-
ity when the pathergy test is used periodically and that negative and positive phases may be
detected during the disease. Pathergy test is one of the IBDDAM criteria. It has been reported
that the pathergy test can be used to assess drug treatment efficacy [7].

3. Conclusion

Behget’s disease is a chronic inflammatory disease. Behget’s disease is characterized by remis-
sions and exacerbations. The determination of whether the disease is in the active phase is
important in terms of treatment and prognosis. Therefore, the parameters that determine the
active phase are important. Although a change in laboratory parameters was detected during
the course of Behget's disease, no specific marker was detected. For this reason, disease activ-
ity index have been started to be developed on the basis of clinical history in order to detect
disease activity. The activity index based on the story of clinical features appears to be more
useful following the disease activity and treatment.
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Abstract

Behget's disease (BD) is a multisystemic autoimmune inflammatory disorder character-
ized by oral aphthous lesions, genital ulcerations, iridocyclitis with hypopyon, and skin
lesions. While ocular manifestations occur in nearly 50% of the patients with Behget’s dis-
ease, ocular involvement is the initial manifestation in only less than 20% of the patients.
Ocular Behget’s disease clinically presents iridocyclitis with or without hypopyon, vitri-
tis, retinitis, occlusive retinal vasculitis, and cystoid macular edema. However, anterior
uveitis is usually the only initial ocular manifestation; the most common form is panuve-
itis. The usual course of the disease is characterized by recurrent inflammatory periods.
Recurrent inflammatory attacks may result in irreversible damage and significant visual
loss. Early and effective treatment is required to prevent ocular morbidity. Recent devel-
opments in the treatment of ocular Behget’s disease like biological agents are promising
with a rapid effect and high remission rates.

Keywords: behcet’s disease, iridocyclitis, retinal vasculitis, retinitis, immunosuppressants,
biological agents

1. Introduction

Behget’s disease (BD) is a multisystemic autoimmune inflammatory disorder character-
ized by oral aphthous lesions, genital ulcerations, iridocyclitis with hypopyon, and skin
lesions. It often involves the central nervous system, cardiovascular system, gastrointestinal
system, and joints as well. An enhanced or dysregulated immune response triggered by
environmental factors in immunogenetically susceptible individuals plays a major role in
etiopathogenesis of the disease [1].

The prevalence of BD is higher in Eastern Mediterranean and Eastern Asia countries than in
Northern European countries and the USA. The highest disease incidence has been reported
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in Turkey as 20-421 per 100,000 people [2]. The prevalence rate in Japan is reported as 1/10,000
[3]. Studies from Iran, Greece, and the USA indicate 16-100 per 100,000 people, 6 per 100,000
people, and 4 per 1,000,000 people, respectively [4-6].

BD is an obliterative and necrotizing systemic vasculitis that involves different organ systems.
Occlusive vasculitis is a characteristic of BD that is not typically seen in other forms of uveitis.
It affects both arteries and veins. Its histopathological appearance is characterized by non-
granulomatous inflammation with perivascular T lymphocytes and neutrophil infiltration
and increased expression of adhesion molecules. Local expression of proinflammatory cyto-
kines including tumor necrosis factor-alpha (TNF-a), interleukin-1-beta (IL-13), and interleu-
kin-8 (IL-8); increased circulating immune complexes; endothelial dysfunction; and abnormal
coagulation system play role in the pathogenesis of BD-associated vasculitis [7].

Diagnosing BD can be challenging since there are no specific laboratory tests or pathogno-
monic findings. The diagnosis relies mainly on clinical findings. Positive skin pathergy test and
positive of HLA-B51 values can help verify the diagnosis, but these are not used exclusively
for BD diagnosis. The most commonly used diagnostic criterion is defined by the International
Study Group for BD. Recurrent oral ulcer that occurs at least three times a year, is mandatory
for the diagnosis. In addition, two of the four major symptoms, including eye lesion, recurrent
genital ulcers, skin lesions, and a positive pathergy test, are sufficient for the diagnosis of BD
[8]. According to Behget’s Disease Research Committee of Japan, there are four major and five
minor criteria. The major criteria include recurrent aphthous ulcers, skin findings (similar of
those erythema nodosum or acne and a pathergy test), genital ulcers, and ocular involvement.
The minor criteria include arthritis, intestinal ulcers, epididymitis, vascular disease, and neu-
ropsychiatric involvement. This diagnostic system requires only one major symptom in addi-
tion to typical ocular symptoms for the diagnosis of ocular BD [9, 10].

2. Ocular involvements of Behget’s disease

BD has wide range of clinical manifestations. While ocular manifestations occur in nearly
50% of the patients with BD (50-70% of affected men and 20-30% of affected women), ocular
involvement is the initial manifestation in less than 20% of the patients [11]. BD has been
reported as the most common diagnosis (32.2%) among patients with uveitis in Turkey and
the third most common cause of noninfectious uveitis, following sarcoidosis and Vogt-
Koyanagi-Harada disease, in Japan [12, 13].

Ocular findings generally occur within the first 2—4 years of the disease. In 80% of the patients,
the manifestations are bilateral [14]. According to a study with a large patient group, the ratio
of bilaterality was found 80% among men and 64% among women in the beginning of the
disease. However, at the end of a 20-year follow-up, the ratio increased to 87% among men
and 71% among women [15].

The gender seems to affect the clinical manifestations and prognosis. The disease usually has
amore severe course in men with a younger age of onset. Isolated anterior uveitis has a higher
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frequency in females than in males. Males have greater visual morbidity because of the higher
incidence of vitritis, retinitis, retinal vasculitis (RV), and retinal hemorrhages than females.
The course of BD may also vary due to geographical ethnic factors and individual character-
istics [14]. Although several familial cases and a pair of monozygotic twins correspondent for
BD have been reported, no consistent inheritance pattern has been confirmed [16].

The most common form of BD is panuveitis. The usual course of the disease is characterized
by recurrent inflammatory periods. Early recognition of ocular involvement is important,
as uveitis management differs from extraocular involvements with high ocular morbidity.
Despite modern treatment modalities, the disease still carries poor visual prognosis.

The ocular symptoms are usually first manifested during the third or fourth decade of life.
The primary manifestation can be unilateral in 50-87% of patients and occurs usually as an
anterior uveitis. Later in nearly two-thirds of the cases, it changes to bilateral panuveitis with
a chronic relapsing course. Panuveitis is seen significantly more often in men than in women
3, 16, 17].

The diagnosis of ocular BD is done based on clinical findings obtained from slit-lamp biomi-
croscopy and ophthalmoscopy. In addition, fluorescein angiography (FA) and indocyanine
green angiography (ICGA) examinations are seen to be helpful in the diagnosis [17].

Ocular BD clinically presents iridocyclitis with or without hypopyon, vitritis, retinitis, occlu-
sive RV, and cystoid macular edema (CME). Band keratopathy, glaucoma, vitreoretinal hem-
orrhage, posterior vitreous detachment, macular degeneration, epiretinal membrane, vein
occlusion, and phthisis of the eye may also be observed as complications of ocular BD [18].

During acute inflammation, diffuse infiltration of neutrophils and lymphocytes in the iris,
ciliary body, and choroid is seen. After recurrences, increased collagen can lead to iris atrophy,
posterior synechiae, cyclitic membrane formation, and the thickening of the choroid. In the
retina, infiltration of leukocytes and plasma cells in and around blood vessels and into retinal
tissue appears, histopathologically. Veins are more affected than arteries. During the inflam-
mation, retinal vascular endothelial cells become swollen; neutrophil migration and throm-
bus formation are also seen. In more advance cases, fibrosis of blood vessels and complete
vascular obliteration may be present. Rods and cones get destroyed. Fibrosis of the inner
nuclear layer appears; however, the destruction of retinal pigment epithelium is minimal.
The optic nerve vessels can be affected and can result in optic neuritis, ischemia, and finally
optic atrophy [16].

In addition, recurrences are very common, and the recurrent attacks of ocular inflammation
may result in severe ocular damage. BD may produce permanent vision loss in up to 20%
of affected individuals. The poor long-term visual outcome is usually related to glaucoma,
cataract, and RV [15].

Uveitis in BD may involve the anterior and/or the posterior segment of the eye. The location
of the inflammation is important both therapeutically and prognostically. If the lesions affect
the posterior segment, vision loss is usually permanent and significant. The most common
presentation of BD is bilateral non-granulomatous panuveitis with RV.
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3. Anterior segment involvement

Anterior uveitis is usually the only initial ocular manifestation in patients with BD, and it can
occur as an isolated finding in about 10% of the patients. This presentation is more common in
females. Anterior uveitis, also known as iridocyclitis, is limited to the iris and the vitreous. The
inflammatory response in the anterior chamber is of non-granulomatous nature. Although
ocular BD is characterized by explosive acute hypopyon uveitis, a more common presentation
is iridocyclitis without hypopyon, which is seen in two-thirds of the cases [17, 19].

Patients’ complaints are often redness, pain in the globe, photophobia, tearing, and blurred
vision. Slit-lamp biomicroscopic examination reveals conjunctival injection, perilimbal flush,
cells and flare in the anterior chamber, keratic precipitates, and hypopyon. Disruption of the
blood-aqueous barrier results in aqueous flare and cells, which are the two inflammatory
parameters of anterior chamber inflammation. Cells in the aqueous humor can be detected as
particles identified by backscattering light from the incoming beam with slit-lamp biomicros-
copy. Grading systems have been developed to standardize quantification of cells and flare in
the anterior chamber, based on slit-lamp examination. Increased protein content of the aque-
ous humor produces flare. It can be measured by laser flare photometry, which is an objective
quantitative method. Yalcindag et al. reported that flare levels in the aqueous humor were cor-
related with fluorescein leakage on FA and suggested that higher flare values were associated
with poor vision [20]. Keratic precipitate is an inflammatory cellular deposit seen usually on
the lower part of the corneal endothelium. These precipitates are composed of the aggrega-
tion of polymorphonuclear cells and lymphocytes. They are fine, irregular, and almost always
nonpigmented. Hypopyon is formed by the accumulation of cells and fibrin in the lower part
of the anterior chamber of the eye. It is seen as a whitish or grayish fluid (Figure 1). Hypopyon
includes mostly polymorphonuclear cells. Hypopyon typically freely moves and slowly shifts
with gravity according to head position within minutes as opposed to the sticky hypopyon
of HLA-B27-associated uveitis. The presence of hypopyon without ciliary injection is called

Figure 1. Hypopyon in a patient with Behget’s disease.
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“cold hypopyon.” A small layer of leucocytes can be observed in the anterior chamber angle
by gonioscopy and is called angle hypopyon. The eye can be seen white despite inflammatory
reaction in the anterior chamber. The hypopyon can be overlooked during the eye examination
because this finding is transient. At the same time, hypopyon nowadays is less commonly seen
because of earlier and more aggressive treatments. In the convalescent period of uveitis with
hypopyon, slightly thickened pigment particles presenting as multiple dark brown spots can
be seen in the inferior angle [17, 21].

The anterior uveitis appears very rapidly; its nature is explosive. It may get resolved spon-
taneously within 2-3 weeks even if it is not treated. Almost all nonpermanent inflammatory
findings may disappear after each attack. Recurrent inflammatory attacks can result in struc-
tural changes of the anterior segment of the eye including posterior synechiae, iris atrophy,
and peripheral anterior synechiae. Posterior synechiae are the adhesion between the poste-
rior iris and the anterior lens surface. Pigment epithelial cells can be seen on the lens surface
when the pupil is dilated (Figure 2). Mydriatic agents and topical corticosteroids are useful
in breaking and preventing the formation of posterior synechiae. Posterior synechiae may
be segmental or annular. Seclusio pupillae, 360° adhesions of pupillary margin to anterior
capsule of the lens, and occlusio pupillae, the presence of a fibrovascular membrane across
the pupil, may also be seen (Figure 3). Peripheral anterior synechiae, adhesion between the
anterior iris and cornea, may be seen in result of the dense inflammation. Peripheral anterior
synechiae and iris bombe formation associated with seclusion of pupilla may cause secondary
glaucoma. Neovascularization of the iris may be seen secondary to occlusive RV.

The other anterior segment changes include episcleritis, scleritis, conjunctivitis, conjuncti-
val ulcerations, and subconjunctival hemorrhages, keratitis, and rarely extraocular muscle
paralysis.

Figure 2. Pigment epithelial cells on the lens surface when pupil is dilated in a patient with Behget’s disease.
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Figure 3. Posterior synechiae formation secondary to anterior uveitis in a patient with Behget’s disease.

4. Posterior segment involvement

The most common posterior segment findings are vitritis and RV. They are found in nearly
90% of Behget patients with uveitis. However, an isolated vitritis, white cell infiltration of
the vitreous body, is not a characteristic of BD. Increased vascular permeability of the retina,
choroid, and ciliary body vessels results in cells in the vitreous and vitreous haze. White cell
infiltration in the vitreous ranges from variable number of cells suspended in the vitreous
fibrils to a dense plasmoid reaction in the acute phase. Vitreous haze is usually a proteinous
material. It is important to follow up because it demonstrates the posterior segment activa-
tion. Even though the presence of vitreous cells is considered as the evidence of activation,
they may also be seen as the persistent opacities in the vitreous cavity. They can be displaced
by movements of the head easily and can be evaluated with slit-lamp biomicroscopy. Vitritis
may last in a chronic smoldering course. In most cases, posterior vitreous detachment occurs
at an early stage of ocular disease (92%) [22].

The essential manifestation of the posterior segment in patients with ocular BD is an occlu-
sive and necrotizing RV. RV is defined as a disruption in the blood-retinal barrier and results
in retinal vascular leakage on FA and perivascular infiltrates on dilated fundus examination
in addition to the presence of other signs of intraocular inflammation such as cell infiltra-
tion into the vitreous, anterior chamber, retina, or choroid [23]. RV occurs as recurrent vaso-
occlusive episodes that lasts for weeks. Active periods are then followed by periods of relative
quiescence.

In most patients, RV mainly affects the retinal veins, which is pathognomonic for BD. In addi-
tion to this, BD is the only systemic vasculitis affecting small- and medium-sized arteries and
also veins. Venous and capillary dilatation with engorgement may also be seen (Figure 4) [21].

Retinal vasculitis can be concluded as a finding such as an intraretinal hemorrhage or cotton wool
exudate. Intraretinal hemorrhage indicates an abnormality of retinal vessel wall. Cotton wool
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Figure 4. Fundus photograph of a patient with Behget’s disease showing diffuse retinal vasculitis.

exudates indicate local retinal ischemia caused by occlusive vasculitis. In BD with RV, patchy
perivascular sheathing and whitish yellow exudates surrounding retinal hemorrhages are often
observed. Severe RV can result in ischemic changes due to vascular occlusion. Choroidal vascular
involvement also occurs, and choroidal infarcts can also be seen [14, 16, 24].

Based on necrotizing obliterative vasculitis, neovascularization of the optic disc and periph-
eral retina can cause retinal detachment with or without vitreous hemorrhage. The process
could be summarized as follows: vascular occlusion causes retinal hypoxia, which stimulates
the neovascularization of the optic disc and elsewhere. Both of them can rupture and cause
vitreous hemorrhage. Vitreous hemorrhage may organize with transvitreal membrane for-
mation, which may exert traction on the retina. This traction may lead to rhegmatogenous or
combined tractional-rhegmatogenous retinal detachment [1, 15].

Retinitis is the next most common posterior segment manifestation. Retinitis is evidenced by
soft infiltrates. These soft exudates resolve spontaneously in a few weeks, but diffuse vitreous
opacity may stay for a few months [1].

Inflammatory cell infiltrations that affect the superficial and deep layers of the retina and
hemorrhages coexisting with infiltration appear in occasional cases. In the acute disease tran-
sient, superficial white infiltrates that heal without scarring may be observed. Exudative reti-
nal detachment may also appear after acute retinitis. Retinal atrophy can occur following the
resolution of retinal exudates and hemorrhage [1].

Retinal edema is present in 20-75% of cases especially in the macula. Cystoid or diffuse macu-
lar edema caused by vascular leakage is one of the most important findings [15]. Optical
coherence tomography (OCT) imaging reveals retinal thickening and is useful for follow-up.
Thrombosis of the central retinal vein or its branches may be seen, but they are the less com-
mon findings. Occlusion of the central retinal artery is extremely rare. Bilateral retinal vein
thromboses and bilateral posterior ischemic optic neuropathy have been reported [25, 26].
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The optic nerve is affected in at least one-fourth of patients with BD. This condition may either
present as an isolated papillitis or as a finding of sagittal sinus thrombosis due to neurologi-
cal involvement of BD. Papillitis with optic disc hyperemia and blurring of the margins is the
most common involvement of the optic nerve. Optic disc edema may occur as a result of the
microvasculitis of the arterioles supplying the optic disc. While it is not seen very often, it can
lead to progressive optic atrophy [15].

End-stage disease is characterized by optic atrophy, gliosis and sheathing, and attenuation of
retinal vessels and ghost vessels. Destructive and recurrent attacks of uveitis especially with
posterior segment involvement may result in permanent damage in the sensory retina, causing
irreversible loss of vision.

5. Complementary imaging modalities and laboratory tests

Fluorescein angiography is essential and gold standard in evaluating the activity and the
extent of the vasculitis in Behget patients. FA demonstrates fluorescein staining on the vessel
wall and/or fluorescein leakage from the vessel, which shows increased vascular permeability
caused by the breakdown of the inner blood-retinal barrier, in RV.

If the posterior segment of the eye is involved, FA may reveal macular hyperfluorescence or
perivascular staining with dye leakage from the dilated retinal capillaries even before retinal
perivasculitis can be detected ophthalmoscopically [17]. FA provides a significant contribu-
tion in detecting vascular leakage, demonstrating the presence of macular edema, capillary
non-perfusion, occlusion of the retinal vessels, collateral formation, and neovascularization in
BD (Figure 5). Atmaca reported that FA revealed fluorescein leakage from retinal vessels in
6.3% of Behget patients who had no vision loss or no abnormal findings on fundus examina-
tion, in 1989 [27].

Figure 5. Fluorescein angiography of a patient with Behget’s disease revealing diffuse fluorescein leakage from retinal
vessels and cystoid macular edema.
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“Fern-like fluorescein leakage” due to inflammation at retinal capillaries is clearly demon-
strated on the mid-phase FA, and it is a characteristic finding and the most frequent fluorescein
angiographic appearance of BD (Figure 6). Fluorescein leakage from retinal capillaries is seen
not only during the inflammatory period but also during the apparently quiescent periods
between attacks. It may be the only sign of persistent inflammation in the posterior segment
during clinically inactive periods. These findings have a high diagnostic value in BD [13, 19].

Determination of FA findings is important to evaluate the severity of the disease and the
response to the treatment. All classifications were based on the late phase of angiogram. FA
findings are classified based on the extent of the vascular leakage as focal and diffuse, accord-
ing to macular involvement as incomplete perifoveal hyperfluorescence, mild 360° hyper-
fluorescence, moderate 360° hyperfluorescence (nearly 1 disc diameter across), and severe
360° hyperfluorescence (nearly 1.5 disc diameter across). Corresponding to optic disc hyper-
fluorescence in the late angiographic phases, the findings can be categorized as none (normal
exiting of fluorescein and normal staining of the sclera rim), partial, diffuse without blurring
of the disc margin, and diffuse with blurring of the disc margin [28].

Kim et al. investigated whether there is correlation between FA findings and visual acuity
(VA) in Behget patients with RV. Retinal vascular leakage, optic disc hyperfluorescence, and
macular leakage were seen to be associated with a decreased VA [29].

Visualization of the peripheral retina by an ultrawide-field retinal imaging system may be
useful to diagnose and monitor RV in Behget patients and in the treatment of the disease.
Conventional fundus cameras can capture only 30-60° of the fundus at a time and cannot
image the entire retina simultaneously. The ultrawide-field imaging system provides 200° of
photographic and angiographic views of the ocular fundus [30]. Improved visualization of
the peripheral retina by ultrawide-field imaging has demonstrated that peripheral RV could
be detected in 85% of eyes that did not have ophthalmoscopic evidence [31].

Figure 6. “Fern-like” fluorescein leakage from peripheral retinal vessels on fluorescein angiography.
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Choroidal and retinal pigment epithelial changes are rarely seen in ocular BD. The BD patients
with choroidal abnormalities could only be evaluated with ICGA and not with fundus examina-
tion or FA [32]. In these cases, ICGA may have an advantage over FA in showing lesions, cho-
roidal vessel leakage, irregular filling of the choriocapillaris, and choroidal filling defects. ICGA
was demonstrated with no clinically useful information on disease activity and monitoring the
disease. ICGA is used to evaluate choroidal involvement in inflammation of the posterior seg-
ment [32, 33]. Since the choroidal infarcts are probably more common than they are usually esti-
mated, simultaneous ICGA and FA would be useful for examining choroidal involvement in BD.

OCT provides both high-resolution cross-sectional imaging of the retina and quantitative
measurement of the retinal thickness. For the detection and follow-up of macular edema in
BD, OCT and FA are both necessary and complementary. The integrity of junctions between
inner and outer segments of the photoreceptors (ISOS line) and the cone outer segment tip
line (interdigitation zone) are correlated with visual function and prognosis in patients with
uveitic macular edema, and these zones are best evaluated by OCT [34, 35].

Transient retinal infiltrates, which are commonly seen during exacerbations of Behget’s uve-
itis, are indicated as focal retinal thickening; increased hyper-reflectivity with blurring, espe-
cially of inner retinal layers; and optical shadowing by spectral-domain OCT. In Behget’s
uveitis, retinal infiltrates rapidly resolve without any apparent retinochoroidal scarring.
However, inner retinal atrophy is seen in the spectral-domain OCT sections [34].

Recently, the assessment of choroidal thickness has been possible by the enhanced depth
imaging (EDI) mode of spectral-domain OCT in patients with Behget’s uveitis. Ishikawa et al.
and Kim et al. reported that subfoveal choroidal thickness was significantly higher during an
acute attack of Behget’s uveitis than in remission. Their choroid was found thicker than that
of healthy control subjects not only during an attack of Behget’s uveitis but also during remis-
sion of the disease [36, 37].

Elevated erythrocyte sedimentation rate, positive C-reactive protein, and increased periph-
eral blood leukocytes, which are nonspecific factors indicative of immune system activation,
may be abnormal during the acute phase of BD. The other acute phase reactants such as pro-
perdin factor-b and alpha-1-acid glycoprotein may also be elevated [16].

6. Management of ocular Behget's disease

Behget’s uveitis has a remitting and relapsing course, and recurrent inflammatory attacks
may result in irreversible damage and significant visual loss. It is one of the most difficult
forms of uveitis to treat. The aim of the treatment should be to obtain a rapid resolution of
inflammation, to prevent or at least reduce the frequency of attacks, and to avoid complica-
tions. There is no standard treatment protocol. The choice of therapy is based on the severity
of the disease. Combination therapy is required in most of the patients. Early and aggressive
treatment should be administered whenever following features are present: male sex, young
age, characteristic geographical origin, complete BD (the presence of oral and genital ulcer,
ocular and skin findings simultaneously or at different times), posterior segment and bilateral
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involvement, and central nervous system or vascular involvement [4]. The therapy in BD
should be highly effective for preferably manifestations, should effect rapidly, have fewer
side effects, and should be as cheap as possible.

6.1. Corticosteroid therapy

Local and systemic steroids especially during attacks are used very commonly. Corticosteroids
help suppress the ocular inflammation rapidly but have potential side effects including glau-
coma and cataract.

In the treatment of anterior uveitis, topical corticosteroid drops (prednisolone acetate, dexa-
methasone phosphate) should be used to suppress the inflammatory response. It can be discon-
tinued upon vanishing the anterior chamber cells after nearly 6-8 weeks of application. Relapses
and severe exacerbations may develop when dose is lowered. Therefore, stepwise tapering the
corticosteroid dose is needed. Corticosteroid-induced ocular hypertension and cataract devel-
opment are possible risks of the treatment. Topical nonsteroidal anti-inflammatory drugs such
as indomethacin, diclofenac, and flurbiprophen could be added to topical corticosteroids to
potentiate the corticosteroid activity. Topical mydriatic and cycloplegic agents should be added
twice or three times a day (tropicamide 1%, cyclopentolate 1%, and phenylephrine 2.5 and 10%)
in order to relieve photophobia, pain, and discomfort and prevent synechiae formation [38, 39].

Patients with severe anterior uveitis unresponsive to topical treatment may benefit from sub-
tenon or subconjunctival injections of depot corticosteroids such as triamcinolone acetonide or
methylprednisolone acetate every 2-4 weeks for 4-5 times. Depot steroids ensure long-lasting
suppression of the inflammation. However side effects such as conjunctival hemorrhage or
scarring, encapsulated cyst, ptosis, and accidental eye perforation may occur. Subconjunctival
corticosteroid injection can be administered for treating hypopyon and severe anterior seg-
ment inflammation with fibrin clotting [38, 39].

When topical and local administration is not effective, a short course of oral corticosteroids
(prednisolone, 1-2 mg/kg/day), colchicine, or methotrexate may be used in addition. High-
dose systemic corticosteroids are used for the treatment of severe posterior uveitis and panu-
veitis attacks. Intravenous pulse methylprednisolone (1 g/day) is usually administered for 3
consecutive days to obtain a rapid anti-inflammatory effect. Then oral prednisone (1-1.5 mg/
kg/day) is given in a single morning dose and slowly tapered to a maintenance dose of 7.5 mg/
day or less after complete resolution of active inflammation. If exacerbation is encountered
under the dose of 0.5 mg/kg/day, steroid may be stopped, and another immunosuppressant
agent can be started. Long-term treatment with systemic corticosteroid should not be pre-
ferred. Elevation of intraocular pressure (IOP), cataract, cushingoid state, GI ulcers, osteopo-
rosis, diabetes mellitus, and exacerbations of infections are some of the important side effects
of systemic corticosteroid treatment [17, 38, 39].

6.2. Inmunomodulatory therapy

Behget patients with acute and severe posterior segment involvement may benefit from sys-
temic corticosteroid treatment in early stages. The prolonged use of systemic corticosteroids
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must be avoided, because severe rebound attacks can occur during tapering the dose. Despite
the fact that corticosteroids alone have failed to prevent vision loss in patients with BD, their
immediate anti-inflammatory effect is useful while waiting for the immunosuppressant agents
to effect fully. The corticosteroids should be tapered rapidly within weeks and immunosup-
pressant agents should start. A single long-term immunosuppressant agent is initially admin-
istered as monotherapy for at least 6-12 months. Conventional immunosuppressive agents
that have been used for the treatment of BD uveitis with posterior segment involvement
include antimetabolites (methotrexate, azathioprine, mycophenolate), calcineurin inhibitors
(cyclosporine A, tacrolimus, sirolimus), and alkylating agents (chlorambucil, cyclophospha-
mide). If the disease does not respond to these drugs, the dose is increased or the drug is
changed to another one. The combination of two cytotoxic immunosuppressants (methotrex-
ate, azathioprine, chlorambucil, and cyclophosphamide) can be tried in patients with severe
RV [17, 38].

In selected patients, low-dose corticosteroids, at the dose of equal or less than 10 mg/day, may
be required chronically in combination with immunosuppressants for controlling uveitis. This
combination is beneficial for reducing the adverse effects of either immunosuppressants or
corticosteroids.

6.2.1. Azathioprine

Azathioprine is an antimetabolite drug that interferes with purine incorporation into DNA
and affects rapidly proliferating cells such as activated lymphocytes [16]. Azathioprine can
be administered alone or in combination with corticosteroids and other immunosuppressives
at the dose of 2-2.5 mg/kg/day. Important side effects of Azathioprine are fever, reversible
bone marrow suppression, hepatotoxicity, hyperuricemia, pancreatitis, and increasing risk
of malignancies. Complete blood count (CBC) and liver function tests (LFT) should be per-
formed every 2 weeks for the first month and then once every 3 months [17]. The patients who
initially received azathioprine treatment especially within 2 years after disease onset have a
better visual prognosis and less risk of new eye disease [40].

6.2.2. Methotrexate

Methotrexate is an antimetabolite drug that prevents the activation of folic acid, necessary
for synthesis of DNA. Methotrexate is suggested at the dose of 7.5-20 mg/week perorally.
Gastrointestinal upset, bone marrow suppression, hepatorenal toxicity, central nervous sys-
tem toxicity, sterility, alopecia, and anorexia are potential side effects of methotrexate. CBC
and LFT should be ordered every 2 weeks for the first month and then once a month [17].

6.2.3. Mycophenolate mofetil

Mycophenolate mofetil is an antimetabolite drug that blocks DNA synthesis by the inhibition
of enzyme inosine monophosphate dehydrogenase. It does not inhibit the early production of
cytokines of T-helper-cell clones (Th0 and Th2); it acts synergistically with other immunosup-
pressive agents [16]. Larkin and Lightman reported successfully treated Behget patients by
adding mycophenolate mofetil to their combination of steroid and cyclosporine [41].
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6.2.4. Cyclosporine A

Cyclosporine A is a noncytotoxic immunomodulatory agent, which selectively and reversibly
inhibits T-helper-lymphocyte-mediated immune responses. It binds to and inhibits calcineu-
rin by forming cyclosporine-cyclophilin complex. Calcineurin catalyzes reactions necessary
for early activation of T cells and production and expression of cytokines such as IL-2 [42].
Cyclosporine A has been shown to reduce frequency and severity of uveitis attacks and is
administered at the dose of 3-5 mg/kg/day in two divided doses. It induces rapid suppression
of intraocular inflammation. Cyclosporine A is safer than the cytotoxic agents in the man-
agement of posterior segment manifestations and inflammatory recurrences, and it is usu-
ally combined with systemic corticosteroids [43]. Cyclosporine A is shown to provide rapid
improvement in VA and decrease in the frequency and severity of ocular attacks in ocular
Behget patients in three randomized controlled trials [44-46].

After corticosteroids are withdrawn, cyclosporine A is tapered down 10% of dose every month
to the minimum effective dose to control the disease. But even at low doses, long-term treat-
ment is limited to the development of side effects, including hypertension, nephrotoxicity,
arrhythmia, headache, gum hyperplasia, hirsutism, female reproductive disorder, diabetes,
hepatotoxicity, and myelosuppression. Rebound attacks may occur following discontinuation
or even during tapering of the dose. Cyclosporine A is demonstrated to be associated with an
increased risk of parenchymal neuro-Behget’s disease and is contraindicated in patients with
neurological involvement [17, 38].

6.2.5. Tacrolimus (FK-506)

Tacrolimus suppresses CD4+ T lymphocytes similar to cyclosporine A. However, it has a
better safety profile than cyclosporine. Favorable results in 75% of patients with refractory
uveitis, who had been using corticosteroids, colchicine, cyclophosphamide, and cyclosporine,
have been reported by the Japanese FK-506 Study Group on Refractory Uveitis [47]. However,
the use of tacrolimus on the treatment of ocular BD is very limited.

6.2.6. Chlorambucil

Chlorambucil is a slow-acting alkylating agent. The usual dose of chlorambucil is 0.1 mg/
kg/day. Immunosuppressive effect of chlorambucil appears in 1-3 months of therapy [16].
Chlorambucil has been reported to provide even a durable remission after its discontinuation,
but its potential serious side effects including an increasing risk of malignancy and azoosper-
mia in men have limited its use in ocular BD. It is suggested only as the last option before the
biological agents are available [38].

6.2.7. Cyclophosphamide

Cyclophosphamide is a fast-acting alkylating agent. It can be administrated orally or intrave-
nously. The recommended dose of cyclosporine is 1-2 mg/kg/day, which may be increased to
3-4 mg/kg/day for several weeks in selected, severe cases only. For long-term treatment, the
dose must be adjusted according to the therapeutic response, renal function, and leukocyte
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count. The intravenous administration is indicated in cases like patients with occlusive RV
where a fast onset of therapeutic effect is important to preserve VA. A bolus of 15-20 mg/kg
is given every 3—4 weeks [48].

It has been reported that cyclophosphamide showed favorable results in controlling uveitis,
preventing ocular attacks, and maintaining a good VA for a long time in patients with BD.
There are also reports demonstrating that cyclophosphamide therapy is superior to steroids
and cyclosporine in the management of ocular BD [43, 48, 49].

6.3. Biological agents

Severe RV secondary to BD is often treated with monoclonal antibody against TNF-a or
IFN-a in some centers. Some authors prefer to use biological agents alone because of less risk
of side effects and infection and less cost, but usually the authors add anti-TNF therapy to
antimetabolites and then consider discontinuation of the antimetabolite therapy gradually in
a period of 6-12 months, if complete control of ocular inflammation is achieved.

6.3.1. Antitumor necrosis factor agents

Several studies suggest a central pathogenic role of TNF-a in the pathogenesis of BD uveitis.
TNF-a is produced by mononuclear cells in the peripheral blood as part of the inflammatory
cascade in BD. Levels of TNF-a and soluble TNF receptors are elevated in serum and aqueous
humor in patients with BD [50-52].

Currently, available anti-TNF-a agents include etanercept (a recombinant fusion protein,
combining 2 human p75 TNF-a receptors linked to the Fc domain of human IgG1), infliximab
(a mouse-human chimeric monoclonal IgG1 anti-TNF-a antibody), and adalimumab (a fully
humanized monoclonal IgG1 anti-TNF-a antibody). Although it is useful in the management
of many rheumatologic diseases, etanercept does not seem to be an effective treatment for
ocular BD [16].

Refractory ocular involvement is the main indication for anti-TNF treatment in BD; the ben-
eficial effects of these agents have been reported in extraocular manifestations such as gastro-
intestinal, vascular, and neurological manifestations of BD as well [53, 54].

6.3.1.1. Infliximab

Infliximab (Remicade, Bausch & Lomb, Rochester, New York, USA) is a chimeric monoclonal
antibody directed against TNF-a. It neutralizes membrane-bound TNF-a and soluble TNF-a,
suppresses the production of TNF-a by macrophages and lymphocytes, and induces T, cells
that acquire suppressive function in the periphery. It is administered as intravenous infu-
sions, at the dose of 5 mg/kg (3-10 mg/kg) at weeks 0, 2, and 6 and then every 8 weeks.

Infliximab is used in refractory sight-threatening cases. Regarding the safety profile, inflix-
imab therapy is well tolerated with few adverse events including opportunistic infections,
lupus-like reactions, multiple sclerosis, dyspnea, and hypotension and increased risk of
malignancy.
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Infliximab has been found to be efficient and well tolerated in ocular BD. Patients with two
or more attacks of active posterior or panuveitis in a year and patients with chronic CME are
likely to benefit biological agents. It is demonstrated that significant decrease in inflamma-
tion, improved VA, reduced ocular complications, and the number of relapses were observed
in infliximab compared with corticosteroid and immunosuppressive therapy [55-57].

Summarizing recent reports evaluating the effect of repetitive infliximab therapy in BD, clini-
cal responses to the therapy were achieved in 90, 89, 100, and 91% of patients with resistant
mucocutaneous, ocular, gastrointestinal, and central nervous system involvement, respec-
tively [58].

6.3.1.2. Adalimumab

Adalimumab (Humira, Abbvie Inc., North Chicago, IL, USA) is a fully recombinant human
immunoglobulin G1 monoclonal antibody that specifically binds to membrane and soluble
human TNF-a with high affinity and inhibits its binding to TNF receptors. Adalimumab is
suggested to be administered at a dose of 40 mg/week, subcutaneously. In patients with sight-
threatening Behget’s uveitis who were switched from infliximab to adalimumab, improve-
ment in VA, decreasing in recurrences, and even complete resolution of inflammation have
been demonstrated [59-61].

6.3.1.3. Golimumab

Another TNF-a inhibitor, golimumab, is a fully human monoclonal antibody with reduced
immunogenicity. It has an advantage of longer half-life that allows monthly subcutaneous
injections. Few data are available evaluating the efficacy of golimumab in BD uveitis [62].

6.3.2. Interferon-alpha

Interferon-alpha (IFN-a) is a natural cytokine produced by plasmacytoid dendritic cells.
It induces T helper type 1 cells, T cytotoxic cells, and natural killer cells and increases the
production of anti-IL-1 receptor antagonist. Interferons can influence both innate and adap-
tive immune responses [16, 38]. It is generally administered subcutaneously with a dose 3-6
million IU, most often three times weekly. IFN-a should not be used in pregnant patients.
Immunosuppressive drugs should be stopped completely before the initiation of IFN-a.
Systemic corticosteroids should be tapered to a dose of 10 mg prednisolone equivalent per
day as soon as possible because of the antagonistic effect of corticosteroids [63, 64]. Adverse
effects of IFN-a including flu-like reactions (90%), fever, mild leucopenia (30%), alopecia
(10%), depression (8%), and thyroiditis are common. Gastrointestinal disturbances, increase
of liver enzymes, transient paresthesia, and epilepsy may also be seen [64-66].

IFN-a is recommended for the treatment of severe eye involvement of BD by European
League against Rheumatism (EULAR) in the light of several uncontrolled studies demonstrat-
ing a fast onset of action and high remission rates. The remission may persist after withdrawal
of the agent. IFN-a has been included in the EULAR recommendation equal to TNF-a block-
ers [67]. It works fast enough to be used in the acute phase of BD with panuveitis and/or RV
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unresponsive to at least one immunosuppressive drug. A quick response within 2-4 weeks,
complete or partial remission of uveitis, is achieved in almost all patients with BD [64, 68-70].

IFN-a has been shown to improve VA, resolve vitritis, and control RV and CME in most cases
with BD [66, 68-70]. A reperfusion of occluded retinal vessels and complete regression of retinal
neovascularization has been demonstrated with IFN-a. These effects may prevent the vision
loss because occlusive vasculopathy develops despite the use of immunosuppressants [71, 72].

It is suggested that long-term remission seems to be associated with higher doses of IFN-q,
but not with longer treatment durations. But IFN-a treatment with high initial doses, such as
3-6 million IU per day, may cause more side effects such as depression [64].

6.3.3. Interleukin-1 inhibition

IL-1pB is a potent proinflammatory cytokine that is involved in the early response of the immune
system in conditions of infection and tissue injury. In autoinflammatory disorders, IL-1 block-
age results in a rapid and continuous reduction of disease manifestations. Serum levels of IL-1[3
and IL-1 receptor antagonist were found to be significantly higher in Behget patients [38, 73, 74].

The three anti-IL-1 agents that have been used in BD are IL-1 receptor antagonist anakinra,
anti-IL-13 monoclonal antibody canakinumab, and recombinant humanized anti-IL-13
gevokizumab. A retrospective multicenter study reported the efficacy and safety of anakinra
and canakinumab in BD. Anakinra and canakinumab were well tolerated with no serious
adverse effects except injection site reactions caused by anakinra. These agents should be
interpreted with caution because of unavailability of controlled study [75].

IL-1 inhibition is a promising target in managing BD. The pathogenic, clinical, and therapeutic
data supporting the use of IL-1 inhibitors in BD has been reviewed very recently. Anti-IL-1
therapy might also be a safer option than anti-TNF-a treatment because of lower risk of oppor-
tunistic infections such as tuberculosis [76, 77].

6.4. Intravitreal therapies

Intravitreal injections have advantage of avoiding systemic adverse events and disadvantages
of decreased risk associated with intraocular administration and the absence of systemic ben-
efits in patients with extraocular manifestations. When ocular inflammation is unilateral or
asymmetric or when systemic administration is less desirable like during pregnancy, intravit-
real injections may be preferable [39].

6.4.1. Intravitreal triamcinolone acetonide

Intravitreal triamcinolone acetonide (IVTA) has been administered in Behget patients with CME,
sight-threatening uveitis, or resistant posterior uveitis. Anatomical improvement and increase
in VA have been demonstrated. Intravitreal treatment has been enabled tapering the dose of
systemic medications. Triamcinolone acetonide is administered 4 mg (0.1 ml) intravitreally.
Intravitreal triamcinolone is an effective, short-term therapeutic option. Repeated injections are
usually needed. IVTA has no significant systemic side effects, but elevation of IOP and cataract
progression is not rare. These side effects are limiting its efficacy and repeatability [78-82].
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6.4.2. Intravitreal dexamethasone implant

Intravitreal dexamethasone implant (Ozurdex, Allergan Inc., Irvine, California, USA) has
been shown to be effective in controlling intraocular inflammation and achieving reduction
of central macular thickness in noninfectious intermediate and posterior uveitis in several
studies. Therefore, the number of administration required in patients with uveitis is still con-
troversial [83-85].

It was demonstrated that intravitreal dexamethasone implant has a side effect profile which
include cataract formation with an incidence of 15% and IOP elevation with an incidence of
23% in patients with noninfectious uveitis [83].

6.4.3. Intravitreal fluocinolone acetonide implant

A long-term slow-release intravitreal fluocinolone acetonide implant (Retisert, Bausch &
Lomb, Rochester, New York, USA) has been used in uveitis, and its efficacy and safety have
been assessed by multicenter randomized clinical studies. Retisert is implanted surgically; it
is placed through a pars plana incision and sutured to the sclera. It releases 0.59 mg of fluo-
cinolone acetonide at a constant rate during 3 years [86, 87].

In a multicenter trial that compared fluocinolone acetonide implant with aggressive oral sys-
temic therapy in patients with intermediate and posterior panuveitis, no significant difference
between groups was found in VA, but the implant was found better and faster in controlling
inflammation [88]. Another multicenter randomized study confirmed the superiority of the
implant to control intraocular inflammation over standard systemic treatment in resistant
noninfectious posterior uveitis.

6.4.4. Intravitreal antitumor necrosis factor

Intravitreal infliximab in the dose of 1-1.5 mg/0.05 ml and frequency of three times at
6-week intervals has been found to be effective and well tolerated. In the studies investigat-
ing the efficacy of intravitreal infliximab administration in patients with chronic noninfec-
tious uveitis, improvement in vision, reduction in central foveal thickness, and reduction
in inflammation have been demonstrated. Some cases have been reported such as vitreous
opacifications and newly onset of severe panuveitis as adverse events after intravitreal inf-
liximab. Infliximab has been suggested to be a promising agent for refractory eye disease in
combination with other immunosuppressants. It is important to be cautious for reactivation
of tuberculosis [89-94].

6.4.5. Intravitreal anti-VEGF agents

There are several studies that compared the use of intravitreal bevacizumab (IVB) with IVTA
in the literature. IVTA was found superior to IVB in visual improvement and decreasing mac-
ular thickness in refractory uveitic CME [95, 96]. Conversely, Bae et al. concluded that IVB is
a well-tolerated and effective supplementary therapy for persistent uveitic CME, especially
in Behget patients [97].
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7. Prognosis and complications

Despite the use of steroids, immunomodulatory and biological agents, some patients may
have poor final VA. Twenty-five percent to fifty percent of the patients have best corrected VA
less than 20/200 after 5 years [98]. Aqueous protein and cells in anterior chamber, posterior
synechiae formation, hypopyon, cataract formation, vitreous cells and exudates, posterior vit-
reous detachment, and CME may cause transient decrease in VA. Optic atrophy and resistant
uveitic glaucoma may result in permanent visual loss at end-stage disease.

Attacks of RV, retinitis, retinal neovascularization, and vitritis lead to vitreous hemorrhage
and retinal atrophy. In advance cases, fibrotic, attenuated retinal arterioles; narrowed and
occluded “silver wired” vessels; alterations of retinal pigment epithelium; chorioretinal scars;
and optic atrophy may be seen.

Inflammation and treatment modalities that are used in BD may cause complications.
Complicated cataract and secondary glaucoma are usually associated with inflammation and
steroid use. Repeated intraocular inflammation can lead to secondary glaucoma. Both open-
angle and angle-closure glaucoma or even pupillary block may be seen. Retinal ischemia can
cause neovascular glaucoma. Neovascular glaucoma appears in nearly 6% of patients with
BD. Ciliary body involvement can cause a decrease in intraocular pressure, and finally phthi-
sis bulbi may occur [15].

Vitreous hemorrhages are seen frequently in Behget patients with severe retinal involvement.
It can lead to organization with membrane formation, causing retinal holes and subsequent
retinal detachment. Phthisis bulbi may finally occur. If the vitreous hemorrhage does not
resolve spontaneously, it may be treated with pars plana vitrectomy.

Epiretinal membrane, membrane-shaped fibrosis especially in the macular region, is caused
by posterior segment inflammation. Inflammation condensed over the macula and fibrous
band between the posterior vitreous and retina result in macular hole formation. In the
patients with epiretinal membrane, if the vision is seriously affected, the membrane may be
removed surgically [16].

Recent advances in ophthalmic imaging methods have allowed to a better definition of visual
prognosis in ocular BD. Identification of the high-risk group and the use of effective biologic
agents as first line treatment will improve the prognosis in this potentially blinding disease.
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Abstract

Behcet’s disease (BD) is a polysymptomatic and recurrent systemic vasculitis with a
chronic course and unknown cause. Joint involvement in BD is common. Arthritis and
arthralgia in BD are known to be the most common rheumatologic findings. Arthropathy
in BD is monoarthritis or asymmetrical oligoarthritis affecting larger joints, and it is usu-
ally acute or recurrent with a self-limiting course. Bone deformity and destruction are
rare. Autoantibodies are typically negative, and the presence of anti-CCP antibodies at
high titers favors a diagnosis of rheumatoid arthritis (RA). Although joint involvement is
clinically well recognized, few histologic studies have been reported. In this chapter, we
focused on the synovitis and synovial histopathology in BD.

Keywords: Behcet’s disease, arthritis, joint, synovia, synovitis

1. Introduction

Behcet’s disease (BD) is a polysymptomatic and recurrent systemic vasculitis with a chronic
course and unknown cause [1]. Joint involvement in BD is very common. Arthropathy in BD
is monoarthritis or asymmetrical oligoarthritis, and it is usually acute or recurrent [2, 3]. In
addition, arthritis associated with BD is usually self-limiting and non-deforming; bone erosive
change of joints is extremely rare [4]. It typically affects larger joints (knees, ankles, wrists, and
elbows). Unusual findings include arthritis with deformities and/or destruction. The synovial
histopathology shows a wide range of features, including lining cell hyperplasia, angiogen-
esis, granulation tissue, and lymphoid follicle formation. Usually, autoantibodies are typi-
cally negative, and the presence of anti-CCP antibodies at high titers favors a diagnosis of RA.
First-line treatment includes non-steroidal anti-inflammatory drugs, or corticosteroids for
severe cases, whereas colchicine has shown some efficacy for the treatment of recurrent and
refractory arthritis. Although joint involvement is clinically well recognized, few histologic
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studies have been reported. We review joint involvement in BD patients with both typical and
atypical findings. In this chapter, we focused on the synovitis and synovial histopathology in
BD. In addition, we introduce rare cases, and we have encountered with synovial findings.

1.1. Typical joint involvement

Joint manifestations are very common, being present in 40-75% of BD patients. According to a
retrospective review of 340 cases, joint involvement is the initial manifestation of BD in 18.2%
[5]. The knees, ankles, wrists, and elbows are frequently affected, while the involvement of
small joints in the hands and feet is less common. Most cases demonstrate monoarthritis or
oligoarthritis and usually run an acute or recurrent course [2]. Polyartritis and the chronic
form are rare. In addition, arthritis associated with BD is usually benign, self-limiting, and
non-deforming. Bone erosive change of the joints is extremely rare [4]. Joint deformities and
destruction have been reported in only a few cases [6].

According to another retrospective review of 176 cases [7], rheumatic manifestations were
noted in 45%. Articular manifestations were the initial disease manifestation in 16.5%.
Inflammatory arthralgia was observed in 81% mainly in the large lower limb joints. Arthritis
was less common: oligoarthritis, 7.5%; monoarthritis, 6.5%; and polyarthritis, 5%. The disease
course was acute in most patients. Axial involvement was noted: spinal pain in 2.9%, isolated
sacroiliitis in 7.5%, and definite ankylosing spondylitis in 5%.

Frikha et al. [8] reviewed the medical records of 553 BD patients. Rheumatologic manifestations
were observed in 71.1%, being second after cutaneo-mucosal involvement. Rheumatologic
manifestations in BD are defined as inflammatory arthralgia, peripheral arthritis, intermit-
tent hydrarthrosis, popliteal cysts, and spondylarthropathy (low back pain with sacroiliitis).
Definite arthritis was noted in 50%. The most frequent manifestation is a non-erosive and
non-deforming monoarthritis or asymmetrical oligoarthritis, commonly subacute and self-
limiting, typically affecting the larger joints.

1.2. Hand involvement

In a recent randomized study in Turkey, clinical hand involvement was investigated in 57 BD
patients [9], and the prevalence of hand involvement in BD was found to be relatively high.
Thus, terminal phalangeal pulp resorption was observed in 29.8%, which might be induced
by the vasculitic process due to repeated digital infarcts. Rheumatoid-like hand findings
were noted in 28.1%, dorsal interosseous atrophy was observed in 20.1%, and erythema
of the digitis was identified in 20%. Twenty-four patients (42.1%) showed scintigraphic
abnormalities.

1.3. Atypical joint involvement: erosive changes

Erosive changes due to joint involvement by BD are also infrequent. Thus, Vernon-Roberts
et al. [6] reported that two of six patients with BD showed radiologically erosive changes in
the hip and manubriosternal joints. Armas et al. [10] reported radiologically well-defined
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“punched-out” erosive arthropathy in the head of the first metacarpophalangeal (MCP) joints.
Diizgiin and Ates [11] reviewed erosive arthropathy in BD patients with references to 11
papers. Erosive changes were reported in axial joints (sacroiliac) and peripheral joints such
as intertarsal and MTP (metatarsophalangeal) joints of the foot, intercarpal and MCP joints
of the hand, knee, wrist, and hip joints [2, 4-6, 10-13]. Enthesis was also noted in calcaneal
joints. More recently, Aydin et al. [14] reported an unusual case of BD with extensive erosive
arthropathy radiologically mimicking psoriatic arthritis. In their case, erosive changes at the
styloid process of the left ulnar bone were notable. Yurdaku et al. reported five out of 47 BD
patients who had radiologically erosive lesions in a prospective study [2]. We also reported [15]
a female patient with BD who demonstrated arthritis in the sternocostal joint showing erosive
changes, which rarely occur in BD [16]. Taken together, erosive change can be found in various
joints, although it is an atypical change in BD.

1.4. Atypical joint involvement: destructive arthritis

In the review of 553 BD patients by Frikha et al., as mentioned above, only eight patients
(1.4% overall, 2% of patients with rheumatic involvement) had destructive arthritis (defined
by radiological changes: erosions and/or geodes and/or global narrowing of the joint space
and/or ankylosis) [8]. The involved joints included knee joints, sternoclavicular joints, the
wrist, foot, and tarsal scaphoid, whereas the spine or sacroiliac joint was not affected. On the
other hand, sacroiliitis and enthesitis have been reported in BD, although their prevalence is
low [17, 18].

1.5. Synovial histology

It has been reported that approximately 40-50% of patients with BD have synovitis [2, 19],
although there have been a limited number of reports on the synovial histology in BD [2,
6, 20]. Yuradakul et al. reported the findings of synovial biopsy in 12 patients, revealing
superficial ulceration, paucity of plasma cells, and, in five instances, lymphoid follicle for-
mation [2]. Vernon-Roberts et al. indicated that only superficial zones of the synovial tissue
were affected. In seven of eight specimens, the superficial zones were replaced by densely
inflamed granulation tissue composed of lymphocytes mixed with macrophages, vascular
elements, fibroblasts, and neutrophils [6]. Gibson et al. [20] noted that synovial changes in BD
are similar to those observed in early RA, and demonstrated hypertrophy and hyperplasia of
synovial lining cells, hypervascularity, subsynovial accumulation of inflammatory cells, and
replacement of superficial zones of the synovial membrane by densely inflamed granulation
tissue. However, immunofluorescent studies indicated that the consistent deposition of IgG
might be characteristic of BD [20]. Moll et al. [21] described the macroscopic features of early
untreated knee synovitis in BD and psoriatic arthritis (PsA). They reported the presence of
extensive fibrinoid membranes and large areas of erythematous synovitis without villi or
a distinctive vascular pattern in early and untreated BD. Cafiete et al. [22] noted that poly-
morph nuclear neutrophils and lymphocytes were indicators of cytotoxic molecules in early
untreated synovitis in BD. Thus, the histopathological characteristics of synovial tissue in BD
may be diverse.
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1.6. Presentation of synovial histology in our cases

We previously reported the synovial histology and destructive joint manifestations in three
BD patients who underwent orthopedic surgery [23]. They all had morning stiffness. The joints
affected in these cases were the ankle, wrist, elbow, and knee. Case 1 presented bleeding from
ulcers of the small intestine and complained of polyarthritis (both ankles, wrists, and PIP joints)
and severe recurrent pain in the left ankle and intermittent claudication. The patient was diag-
nosed as having BD (incomplete type) was with oral prednisolone (15 mg/day). Radiographs of the
left ankle revealed a sclerotic joint space and osteoporotic change, for which arthrodesis was
performed. Histological studies of synovial tissues revealed non-specific chronic synovitis
and the infiltration of lymphoid cells around the vascular cells with fibrinoid changes. There
was no sign of vasculitis.

Case 2 underwent Darrach’s procedure for the right wrist joint. Histological findings showed
neither the formation of lymphoid follicle formation nor infiltration of plasma cells, although
some neutrophils and lymphocytes were detected. She had the chronic form of polyarthritis
of the right wrist and elbow, left knee, both ankles, and PIP joints and received synovectomy.
She had been treated with NSAIDs for arthritis. Radiographs revealed joint space narrowing in
the right elbow and left knee. Synovial tissue from the elbow showed hyperplasia of the syno-
vial lining cells and the infiltration of plasma cells, with the formation of numerous lymphoid
follicles. Synovial tissue from the knee showed hyperplasia of the synovial lining cells, and
the perivascular infiltration of lymphoid cells.

Case 3 had chronic arthritis on left knee, both wrists and PIP joints, and radiography revealed
bone atrophy and ankylosis of the left knee, erosive changes of the PIP joints, and destructive
changes of the wrists, mimicking rheumatoid arthritis. Synovectomy was then performed,
and histopathological findings showed hyperplasia of the lining cells, the deposition of fibrin,
infiltration of inflammatory cells, and marked vascularity. These features cannot be differenti-
ated from those of rheumatoid arthritis.

1.7. Synovial immunopathology in BD

Canete et al. [22] investigated the differences in synovial immunopathology between early
active and untreated BD and PsA. There was marked CD15"neutrophilic inflammation in the
intimal lining layer in BD synovitis. This increased number of polymorphonuclear neutrophils
(PMNs) has been reported not only in the synovium but also in the skin and central nervous
system. As for lymphocytes, CD3'T cells, but neither CD20" B cells nor CD138" plasma cells,
were increased in BD [22]. Specific T-cell subsets are associated with sterile neutrophil-rich
inflammation as observed in BD synovitis, and this may explain the simultaneous increase
of both T cells and PMN [24]. The analysis of the T-cell population in SF showed that there
was no clear shift in the CD4/CDS8 ratio or Th1/Th2/Th17 profile. The synovial fluid levels
of perforin, an effector molecule of cytotoxic cells, showed a significant increase in BD [22].
This suggests the relevance of cytotoxicity in BD synovitis [25, 26]. Suh et al. [27] reported
that antigen-driven clonal B-cell proliferation occurs in the synovium in BD. They identified
immunoglobulin transcripts clonally expanded in the synovium in BD.
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1.8. Humoral protective factors in synovial fluid or blood

As with BD, the pathogenesis of arthritis and protective mechanisms against erosive changes
needs to be elucidated. The plasminogen activation system can contribute to the pathogenesis
of destructive joint disease. Ertenli et al. [28] demonstrated that synovial fluid (SF) in BD is
inflammatory in nature. They reported increased SF IL-1{3 levels in BD patients. In SF, levels
of IL-1, IL-1ra, and TGF-{ were higher in BD than osteoarthritis (OA) [28]. Thus, they specu-
lated that IL1ra and TGF- might serve as protective factors against cartilage destruction. Pay
et al. [29] also reported that BD and RA patients had higher synovial IL-1f3 than OA patients.
MMP-3 and proinflammatory cytokines except IL-1 were expressed in small quantities in
BD synovitis; this may explain the non-erosive character of BD arthritis. Thus, IL-f may be
involved in the pathogenesis of BD synovitis. In addition, relatively lower levels of IL-18
in the SF of BD patients might be the cause of less marked inflammation in BD arthritis.
Recently, Karasneh et al. [30] reported that IL-1 gene cluster polymorphisms, including the
IL-1B gene, are associated with an increased risk of BD. Therefore, the detection of increased
synovial IL-1{3 levels in BD patients could be determined genetically by functional polymor-
phism, leading to differential gene regulation and expression.

Ozturk et al. [31] reported that systemic bloodstream and local SF plasminogen activator
inhibitor-1 (PAI-1) antigen levels and PAI-1 activities were higher in BD patients than RA
patients and healthy controls. PAI-1 may promote hypofibrinolysis of BD vasculopathy and
also plays a protective role against arthritis in BD patients. They speculated that elevated
PAI-1 antigen and activities in the synovial fluid of BD patients contribute to the unique
nonerosive character of BD.

1.9. Proinflammatory factors in synovial fluid or blood

Aktas Cetinetal. [32] reported thatin peripheral blood mononuclear cells (PBMCs), CD4, CD25,
HLA-DR expression and intracellular IL-12, and TNF-alevels of CD3+ T cells were increased
in BD compared with HC. Compared with AS patients, CD25, HLA-DR surface expression,
and intracellular IFN-y and TNF-alevels in T cells were elevated in BD. Thl polarization
occurred in both the peripheral blood and SF of BD patients with arthritis. Duygulu et al. [33]
demonstrated that the levels of both serum and erythrocyte nitric oxide (NO), the most abun-
dant free radial in the body, were elevated in BD patients and associated with disease activ-
ity. In addition, synovial NO levels were positively correlated with serum levels. Turan et al.
[34] analyzed the production of soluble TNF receptors, sTNFR1 and sTNFR2, in BD patients.
STNFR2 plasma concentrations are closely linked with active BD and especially with arthritis.
The expression of TNFR molecules in mast cells of mucocutaneous lesions indicates the fun-
damental role of the TNF/TNFR pathway in BD.

Erdem et al. [35] demonstrated that the expression of CXC chemokines, including IL-8, GRO-a,
and ENA-78, was lower in the SF of patients with BD than in those with RA. All CXC chemo-
kines and VEGF were induced by IL-18, which are involved in angiogenesis and the devel-
opment of pannus. Thus, the lower levels of these chemokines in the SF of BD patients may
explain the lack of pannus formation or erosion in BD arthritis.
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Ertenli et al. [28] reported higher levels of synovial IL-8 in BD than OA patients. They suggested
that elevated synovial IL-8 might play a pivotal role in the process of neutrophil migration in
BD synovitis and reflect a nonspecific inflammatory process. Erdem et al. [35] speculated that
synovial IL-8 levels increased via the attraction of more neutrophils to SF, and this, in addi-
tion to its angiogenic properties, might be responsible for the development of acute synovitis.

1.10. Metabolomic evaluation of BD in synovial fluid: potential biomarkers

Ahn et al. [36] investigated possible metabolic patterns and potential biomarkers of BD with
arthritis on metabolic profiling of SF from BD patients with arthritis and seronegative arthri-
tis (SNA). They identified 123 metabolites. Compared with SNA, BD patients with arthritis
exhibited relatively high levels of glutamate, valine, citramalate, leucine, methionine sulfox-
ide, glycerate, phosphate, lysine, isoleucine, urea, and citrulline. Finally, they identified two
markers, elevated methionine sulfoxide and citrulline, associated with increased oxidative
stress, providing a potential link to BD-associated neutrophil hyperactivity. Gultamate, citra-
malate, and valine were selected as putative biomarkers for BD with arthritis.

1.11. Anti-cyclic citrullinated peptide (Anti-CCP) antibodies and BD

Anti-CCP antibodies are a more reliable diagnostic marker for RA and closely associated with
the prognosis in RA patients [37]. Recently, a significant correlation was reported between
anti-CCP antibodies and joint symptoms in patients with familial Mediterranean fever [38]. In
a study of 189 Korean BD patients, only seven patients (3.7%) were positive for anti-CCP anti-
bodies, five of which (71.4%) had polyarticular joint involvement, and the other two (28.6%)
had oligoarticular involvement. Among the seven patients, one patient with an anti-CCP anti-
body titer of over 100 U/mL fulfilled the diagnostic criteria for both BD and RA. Of course, all
BD patients without articular involvement were negative on an anti-CCP antibody test [39].
Since it has been demonstrated that anti-CCP antibodies are elevated prior to the develop-
ment of RA, we need to be careful when diagnosing BD patients who show arthritis in the
presence of positive anti-CCP antibodies.

1.12. Sonographic study

Ultrasound (US) evaluation is useful for the detection of joint involvement. Synovial prolif-
eration, joint effusion, and bone surface erosions are detectable, and even asymptomatic joint
involvement showed US alterations [40]. Ceccarelli et al. performed knee United States in 30
BD patients and found that 60% of patients showed knee involvement based on United States.
They detected synovial proliferation in 14%, joint effusion in 46%, and bone surface erosions
in 10% of patients. They also pointed out that subjects with a higher US score showed a posi-
tive correlation with disease activities such as acneiform skin lesions. Gok et al. performed
high-frequency United States and power Doppler ultrasonography (PDUS) examination of
knee joints [41]. By ultrasonography, synovial hypertrophy scores were lower in patients
with BD than in those with RA and spondyloarthropahy. However, no difference was found
between BD, RA, and spondyloarthropahy patients based on PD signal scores using PDUS.
Gok et al. also investigated ultrasonographic findings and synovial angiogenesis modulators.
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Cumulative effusion scores were positively correlated with angiopoietin-1, angiostatin, and
basic fibroblast growth factor (bFGF), while they were negatively correlated with thrombo-
spondin-1 levels. Synovial hypertrophy scores were positively correlated with angiostatin
and bFGF levels and negatively correlated with thrombospondin-1. No correlation was found
between PD scores and modulators of angiogenesis.

1.13. Magnetic resonance imaging study and Tc-99m-MDP bone scintigraphy

Magnetic resonance imaging has been reported to be sensitive for detecting early arthritis of
BD. Choi et al. showed syovial thickening and effusion based on a high signal intensity on
T2-weighted images of two BD patients with arthropathy [42].

Sugawara et al. reported radiography and magnetic resonance imaging of hand and wrist
arthritis in four BD patients [43]. They concluded that characteristics on imaging of arthritis
in BD patients vary and may be similar to those of psoriatic arthritis patients. Erosion in the
distal interphalangeal joint was seen, but the type of erosion was of the gull-wing type, being
different from RA variants.

Joint scanning with 99m Tc is a more valuable tool for the prediction of hand joint inflamma-
tion than radiography [44]. Bone scintigraphy is also more sensitive for the earlier diagnosis
of joint involvement, especially in sacroileal joints [45].

2. Conclusion

In summary, arthritis and arthralgia are common in BD patients, and joint manifestations
of BD patients are diverse: sometimes mimicking rheumatoid arthritis, PsA, and spodyloar-
thritides radiologically. In addition, the histopathological characteristics of synovial tissue in
BD may be various.

Thus, despite the rarity of destructive arthropathies, this unusual form should be known and
considered in the differential diagnosis of other rheumatic diseases.
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Abstract

Behget’s disease (BD), a very morphologically diverse systemic disease, may involve
the vascular system. The venous system is the most frequently attacked vessel system.
The arterial system, when involved, increases the severity and morbidity of Behget’s dis-
ease. Cardiac involvement, although rare, can be very subtle and in itself increases the
mortality. Vasculitis is the hallmark pathology resulting in occlusion, aneurysms, or both.
Vascular involvement may be very challenging in all phases of treatment beginning from
diagnosis till recovery and remission.

Keywords: vascular involvement, vasculitis, arterial occlusion, venous thrombosis,
arterial aneurysm

1. General cardiovascular involvement and findings associated with
Behget’s disease (BD)

Behget’s disease (BD) is the only systemic vasculitis involving both arteries and veins in any
sizes [1]. The most frequent vascular involvement is of the venous system. Both genders in
their 20s and 30s can be affected. Prevalences differ.

BD has a decidedly increased mortality when the disease is seen in young male patients, while it is
not as severe in female and aged patients. In most patients the severity of BD abates with the tran-
sition of time. The largest cause of mortality in BD is large-vessel vascular disease, especially hem-
orrhage because of pulmonary artery aneurysms (PAAs), which are almost always seen in men.

Etiology and pathophysiology of BD are still obscure and as of today unilluminated [2].
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BD is a vasculitis which can involve all arteries and veins irrespective of diameter. The
entire venous system from subcutaneous superficial veins to the vena cava and all deep
lower extremity veins are under risk of thrombosis. The location of these thromboses deter-
mines the clinical picture. Cardiac involvement is one of the prognostically devastating
manifestations of Behget’s disease (BD). Cardiac involvement is relatively uncommon [3].
The heart and great vessels are not primary targets of BD, but although not well recognized,
arterial or cardiac involvement is life-threatening with associated strong prognostic impli-
cations in BD.

Therefore, physicians caring for BD patients should work closely with cardiologists, cardio-
vascular surgeons, and endovascular interventionists to increase awareness of these silent
and potentially fatal vascular complications and form multidisciplinary groups to more suc-
cessfully manage BD and its cardiovascular complications in the future.

2. Venous involvement and treatment modalities in Behget’s disease

2.1. Introduction

Vascular and neurological involvements make up the largest causes of mortality in BD. Men
are more frequently affected than women. The entire venous system from subcutaneous
superficial veins to the vena cava and all deep lower extremity veins are under risk of throm-
bosis. The clinical characteristics differ with regard to both clinical course and treatment in
comparison to venous diseases due to other etiologies, and unfortunately, as of 2017, there is
no set of algorithm for treatment.

As the world integrates and becomes a global village, our colleagues in both the traditional
Silk Road countries and in countries receiving immigrants from these countries should have
a practical knowledge and remember the particulars of the venous manifestations of this dis-
ease in order to differentially diagnose BD among a variety of venous diseases.

We will give clinicians information about the etiopathogenesis and clinical course of the
venous manifestations of BD in light of literature and discuss related treatment options in
this chapter.

2.2. Epidemiology

Although the incidence of BD does not differ according to sex, vascular involvement, the fac-
tor which determines the prognosis of the disease, is more frequently seen in men. Female to
male ratio is 1 to 9 and does not change according to whether the thrombosis is venous or arte-
rial. Vascular disease usually commences in the fourth decade within the first 5 years of the
manifestation of other symptoms of BD. Although vascular involvement is seen in 15-38% of
BD patients, this ratio was found 35% after 20 years of BD in a long-term prognostic study [4].

Even though the 1990 ISG criteria does not have vascular involvement as a prerequisite for diag-
nosis, this stems not from the fact that vascular involvement is insignificant, but because it does
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not carry significance in the differential diagnosis of BD. This matter was finally resolved when
the International Criteria for Behget's Disease (ICBD) was revised in 2014 [5]. In all discussions
of criteria for diagnosis of BD, venous involvement is again put on the discussion table [6].

Ten percent of patients applied to clinics with a vascular incident before being diagnosed
with BD and twenty percent of them applied after BD diagnosis were made having other
coincidental symptoms of BD. A new incidence of vascular involvement in the next 5 years
increases by 38% after the first vascular event [7].

Venous disease comprises the largest part within the aforementioned vascular incidences.
Nearly 882 BD patients had vascular incidents in a cohort of 1272 patients applying to the
clinic in an investigation conducted between 1977 and 2006. Almost 67 vascular BD patients
verified by retrospective radiological methods in 6 different centers in Ankara, Turkey, were
studied, and in 63 patients, a venous lesion was found in 200 locations. Both arterial and
venous lesions were detected in 8 of these patients [8].

2.3. Pathogenesis

The fact that BD, although seen now almost everywhere throughout the world after migra-
tions and distribution of refugees after civil wars, is originally seen along the so-called Silk
Road, makes one think that the probable factors having a role in the pathogenesis of BD and
genetic tendencies like having HLA-B5(51) have also spread along the same geography.

Although genetic factors were emphasized mostly in older studies, the detection of less dis-
ease incidence in Turkish people residing in Germany in comparison to the Turkish resident
population in Anatolia and Eastern Thrace (consisting of the territory of modern Turkey) and
more disease than Germans living in Germany revealed that both genetic and environmental
factors were individually or jointly decisive in the development of BD [9]. Clinical disease
symptoms and mortality appear to vary by geography as well as ethnic group.

In the Far East, BD usually coexists with inflammatory gastrointestinal diseases, whereas this
is rare in Anatolia and Eastern Thrace. While the relationship between pathergy test positiv-
ity and HLA-51 is strong in Mediterranean countries and Japan, it is not the case in North
America and patients in the USA [10].

BD, whose underlying pathology is vasculitis, is encountered in patients with familial
Mediterranean fever (FMF) more frequently than the normal population. The reason for this
may be the gene mutation related to the HLA region involved in BD (A9 allele of MICA [class
I-related chain A (MICA) antigens]) which concurrently plays a role in the FMF pathogenesis.
In a gene research conducted in the Jewish population, 54 BD patients were investigated. In
24 of these patients, one or two mutations were encountered in the MEFV gene playing a key
role in FMF. Also, reported in this study is that this mutation does not only lead to BD but
concurrently is related to more venous occlusive course in BD [11].

According to a survey conducted by Kural-Seyahi et al., the beginning of ocular disease and
its greatest destruction usually occurred within the first early years after the initial attack. This
finding led to the suggestion that the “disease burden” of BD is generally confined to the early
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years of the course of the disease and as the authors expressed, the disease “burns out” in
time. Nonetheless, the important distinction comes from the fact that central nervous system
involvement and vascular disease are exceptions to this rule. Vascular BD and central nervous
BD have their beginnings later (5-10 years after onset of BD). The mortality numbers showed
a less severe course in almost all disease involvement in female patients. No female patients
had arterial aneurysms in the abovementioned survey [12].

No Behget-specific factor initiating thrombosis or increasing the tendency for thrombosis could
be found in studies directed at pathogenesis. BD differs from classical autoimmune diseases
because of the absence of female dominance, classical pathognomonic antibodies, and being
unrelated to syndromes like Sjogren’s syndrome. Factors like factor V mutation, which increase
the general tendency for thrombosis, may be responsible for the initial and recurrent thrombo-
ses [11]. Antithrombotic factors like protein C, S, and antithrombin III were not found deficient
when all Behget patients were examined. In the light of all these studies, it is now thought that
in BD venous thrombosis develops as a result of an inflammation on the vein wall. There is a
vessel wall damage and nonspecific inflammation especially in the vein adventitia [13].

T1 helper cell immune response is predominant in this inflammation, and CD4+ lymphocytes
are dominant in the lesions [14]. Coagulation begins with tissue factor activation, and throm-
bocytes, by adhering to the present fibrin, grow ascendingly and fill the lumen.

The presence of anticardiolipin antibodies (aCL), similarly, cannot explain the increased risk
of thrombosis in BD [15]. Biochemical marker negativity is not limited to anticardiolipin anti-
bodies. RF (rtheumatoid factor), ANA (antinuclear antibody), and ANCAs (antineutrophil
cytoplasmic antibodies) are also negative.

Patients with BD do not have decreased protein C, protein S levels or antithrombin III activity,
presence of activated protein C resistance, circulating LAC (Lupus anticoagulant) , or elevated
levels of IgM aCL (anticardiolipin antibodies). A significant number of patients have elevated
levels of IgG aCL, but they are not associated with venous or arterial thrombosis. No correla-
tion was found between any variable and other clinical manifestations of the disease [15, 16].

The reason for observing so few thromboembolic events in a disease where a great number
of venous thromboses are seen is the fact that thrombi have been found to be spread in an
ascending and smearing fashion strongly attached to the inflammation on the vessel wall in
unpublished autopsy series [17]. Histopathological specimens taken from the thromboses on
the venous wall at different phases during thrombosis are needed in illuminating this specific
subject.

2.4. Superficial vein thrombosis (SVT)

Superficial vein thrombosis (SVT) is a sign that can be as frequently encountered as DVT (deep
vein thrombosis) with a commonly acute beginning which may be accompanied by symptoms of
thrombophlebitis (an increase of skin temperature along a superficial vein, erythema, and pain).

It presents with symptoms like extensive body pain, chills, and tremors. There is no registered
data about fever which may accompany SVT. Because the inflammation may reveal itself as
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nodular lesions in the vein rather than thrombophlebitis in some patients, BD may be impos-
sible to differentiate from erythema nodosum. Vein wall thickening and intraluminal throm-
bus are detected upon superficial Doppler ultrasonography.

Superficial vein thrombosis (SVT) may be simultaneously seen in BD patients with previous
DVT or concomitantly with DVT [18]. SVT is more frequently observed in the presence of venous
insufficiency background and appears like diffuse erythematous indurated plaques in the der-
mal-epidermal tissue. SVT leaves a pigmented trace or thinned but hardened vein after recovery.

2.5. Deep vein thrombosis

DVT is the initial and most frequently appearing vascular incident in BD (two-thirds of the
cases). Even though it can be seen anywhere along the venous system, it is most commonly
observed in the femoral and popliteal veins. There are no criteria differentiating DVT in BD
from classical DVT. There is no clear data concerning the frequency or time about the devel-
opment of venous insufficiency in Behget patients with DVT. Edema due to venous insuf-
ficiency, pigmentation, and venous claudication can be observed in patients who have been
followed for a long time [19]. While some studies declare the rate of postthrombotic syndrome
(PTS) incidence as 20-50% in patients who have been affected by proximal DVT (DVT in iliac,
common femoral veins), this rate is given as 5-10% in severe PTS patients with venous ulcers
[20]. It is important to differentiate between venous insufficiency and vasculitis in patients
who present with venous ulcer. Venous claudication which directly affects daily quality of life
occurs in one-third of the patients [19].

Roumen-Klappe et al. in their 2009 work demonstrated that elevated IL-6, C-reactive protein
(CRP), and intercellular adhesion molecule 1 (ICAM-1) levels after DVT development are
directly related to PTS [21]. The increase in ICAM-1 level is also directly proportional to the
severity of PTS.

Although Behget patients who have DVT are under risk of PTS, the clinical course differs to a
large extent from that in classical DVT with regard to the frequency of pulmonary thromboem-
bolus (PTE) development. This leads to a great difference in DVT treatment protocols in BD. The
chance of recanalization of the affected veins is low. Clinical relief comes more from collateral
development which is copious in the venous system. DVT also can be ameliorated using throm-
boaspiration as an adjunct to conventional low-molecular-weight heparin treatment which is
usually advised for a duration of 6 months. It has been reported that endovascular treatment
with US-guided percutaneous aspiration thrombectomy can be considered as a safe and effec-
tive way to remove thrombus from the deep veins in pregnant women with acute and subacute
iliofemoral deep vein thrombosis [22]. The effectiveness of this method is also corroborated in
studies reporting about endovascular treatment of postpartum deep vein thrombosis [23, 24].

2.6. Vena cava thrombosis (VCT)

Vena cava thrombosis (VCT) is the second most commonly encountered venous incident after
DVT. It is seen in approximately 15% of the patients, and the superior vena cava (SVC) is more
commonly involved than the inferior vena cava (IVC).
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Occlusion of the SVC causes the classical superior vena cava syndrome. Edema and erythema
of the upper extremities and nonpulsatile congestion of the jugular veins are seen. Rarely,
increased intracranial pressure and papilledema are also observed. Venous collaterals with
caudal flow may be encountered upon physical examination. Pleural effusion is seen when
the bronchial and pleural venous return is disrupted, and chylothorax is seen when the tho-
racic duct does not function properly. Contrast-enhanced computed tomography (CT) por-
traying the absence of venous flow is diagnostic.

IVC thrombosis shows symptoms similar to DVT. Computed tomography is again the diag-
nostic tool of choice. IVC thrombosis causes serious complications in the long run if intra-
abdominal organs, especially the liver, are affected.

2.6.1. Budd-Chiari syndrome (BCS)

In Turkey BD is responsible for 40% of Budd-Chiari syndrome (BCS) cases [25]. The best
known common characteristics of BCS cases that have been reported are the close relationship
of BCS with vena cava thrombosis. Hepatic vein thrombosis coexists with IVC thrombosis in
80% or more patients with BCS [12].

Hepatic vein thrombosis should come to mind when a patient with the diagnoses of DVT or
IVC thrombosis has or develops accompanying abdominal pain, ascites, and splenomegaly.
High albumin gradient ascites, elevation of transaminase levels, and alkaline phosphatase
may be seen in laboratory tests. In the long term, prognosis is determined by thrombosed ves-
sels. While the prognosis is favorable in patients with solitary occurrence of the hepatic vein,
the prognosis worsens when the portal vein or IVC is attacked, hitherto, the largest patient
series reveals that two-thirds of 493 patients with Budd-Chiari syndrome have been lost by
the end of the first year [25].

2.7. Cerebral venous thrombosis (CVT)

Cerebral venous thrombosis (CVT) as venous involvement in BD is a relatively rare vascular
incident. 2.5% of Behget patients are affected by CVT. It appears mostly in male patients over
the age of 30. In a study conducted in 3908 patients, the rate of incidence was found 0.31%.
This rate may differ between clinics because headache is encountered frequently in BD and
diagnosis of CVT is difficult to make. The clinical course and prognosis are different from
parenchymal neurological involvement [26].

CVT is the most frequent cause of intracranial hypertension [27]. Hyperhomocysteinemia as
an independent factor has been held responsible for CVT [28]. In a meta-analysis it has been
reported that hyperhomocysteinemia may be considered to be associated with thrombosis
in BD [30]. 4.77% of CVT patients have already entered the subacute or chronic phase when
diagnosis is established. The superior sagittal sinus (64%) or the transverse sinus is the most
frequently involved locations. The sigmoid sinus follows in the frequency of involvement [29].

Differential diagnosis of CVTs encountered in BD can be made from other CVTs seen in dif-
ferent diseases or coagulation defects because of their characteristic male dominance, scarcity



Vascular Manifestations of Behcet's Disease
http://dx.doi.org/10.5772/intechopen.68765

of neurological signs, and unusual venous infarcts [30]. CVT should be suspected in a young
male patient consulting the emergency department with headache, especially if the head-
ache is recent and papilledema is present upon examination. Seen less is lateral rectus muscle
weakness due to an increase in intracranial pressure resulting in diplopia and vomiting.

Cranial magnetic resonance imaging (MRI) and MR venography are the diagnostic golden
standards. In two-thirds of the patients, the cerebrospinal fluid pressure is increased, and if
no parenchymal disease accompanies CVT, the cerebrospinal fluid is normal.

Optic atrophy and resultant loss in vision are the main sequelae subsequent to long-standing
papilledema in the long-term course of CVT in BD. Ventriculoperitoneal shunt may be needed
in patients with elevated cerebrospinal fluid pressure. Prognosis is fair even though generally
no anticoagulation is given. Early and differential diagnosis amiliorate the prognosis [31].

2.8. Treatment in venous involvement

DVT has the largest share in venous involvement. Its treatment is open to discussion.
Especially for individually practicing vascular surgeons and other primary care physicians,
the greater part of the treatment consists of anticoagulation. However, anticoagulation is not
recommended for venous incidents in BD because the course of venous thrombosis is dif-
ferent in comparison to classical venous thromboses [32]. As evident from these conflicting
reports, the discussion about coagulation defects is not settled yet.

It was reported in 2015 that procoagulant factors like coagulation factor V G1691A (factor V
Leiden mutation) and prothrombin G20210A polymorphisms exist in BD. This led to the sug-
gestion that these factors may be additional risk factors for thrombosis in certain people [33].

It has been reported that factor V Leiden mutation was more frequent in Turkish, but not in
Italian, Spanish, and Israeli patients [34-37]. Prothrombin gene mutation was not reported to
be relevant in several studies, but a meta-analysis by Ricart et al. demonstrated an interrela-
tionship between the presence of prothrombin G20210A mutation and thrombosis in BD after
excluding Turkish patients [37].

Lenk et al. reported that deficiencies of protein C, protein S, and antithrombin have not been
linked to thrombosis in BD patients [15]. It has been reported that high levels of lipopro-
tein found in BD patients may be involved in the development of thrombosis by weakening
fibrinolysis [25]. Moreover, high plasma levels of thrombin-activatable fibrinolysis inhibitor,
which could lead to a substantial decrement of the clot lysis process, were documented in BD
patients [38].

Although not clearly established as yet, there is conflicting data concerning the preven-
tive potential immunosuppressive therapy on vascular diseases and complications [39].
Immunosuppressive drug therapy alone or in combination with steroids is advised during
early stages of BD before the development of irreversible damage to the arterial wall [39].
Colchicine, which is a commonly used and very effective drug for mucocutaneous lesions, is
not effective on vascular or ocular lesions. Colchicine may decrease nodular lesions in women,
but it is not clear what percentage of these lesions is superficial thrombophlebitis.
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Treatment in SVT is usually symptomatic. Nonsteroidal anti-inflammatory drugs and topi-
cal cold applications will ameliorate the local symptoms. 20-40 mg of prednisolone may be
added to the treatment for patients with severe clinical course. Two weeks of steroids with
mild doses may be added to the symptomatic treatment of patients with DVT.

It should be born in mind that a Behget patient with prior history of a vascular incident is
under risk for a second recurrent event. All Behget patients who have DVT are given 2.5 mg/
kg/day of azathioprine. This should be continued until the fifth decade (mid-1940s) when BD
activity usually decreases. Azathioprine may prevent superficial thrombophlebitis [40].

Postthrombotic syndrome (PTS) is the most serious complication in the long term. Treatment
of PTS is treated classically as in PTS due to other conditions. Compression stockings, ban-
dages, and venoactive agents can prevent venous ulcer formation, and ulcer stockings are
indicated when needed.

In SVC thrombosis corticosteroids and diuretics are effective if headache and diffuse edema
are present. Although prognosis is fair in the long run, azathioprine should be added to the
treatment.

Endovenous interventions (IVC filter placement and thrombectomy) should be avoided in BD
because they may result in pathergy like symptoms and also because PTE practically does not
occur. When treatment is planned for IVC thrombosis, BCS, which is the most mortal compli-
cation of venous involvement in BD, should always be born in mind. For portal hypertension
diuretics and sodium restriction and for hepatic vein thrombosis, high doses of corticosteri-
ods and monthly pulse doses of cyclophosphamides should be considered especially if de
novo thrombosis has developed in the IVC or if the anatomical level of the thrombus is near
the hepatic veins. Anti-TNF treatment has been tried in some patient groups but was not suc-
cessful. Azathioprine used in combination with interferon causes serious leukopenia.

Symptoms improve, and the clinical course ameliorates with corticosteroids and azathio-
prine in CVT. If treatment is begun early, the prognosis is fairly good. Ventriculoperitoneal
shunts may be needed for stubborn diseases with increased intracranial pressure and
papilledema.

3. Arterial involvement and treatment modalities in Behget's disease

3.1. Introduction

Behget’s disease (BD) is a vasculitis which can involve all arteries and veins irrespective of
diameter. Changes in endothelial function due to this involvement cause different grades
of clinically observable organ lesions [41]. Vascular involvement, especially arterial involve-
ment, is one of the major causes of morbidity and mortality [42].

BD has a high incidence along the ancient “Silk Road” stretching from the Far East to the
Mediterranean. The prevalence in Turkey is 80-370/100,000, while it is only 0.12-7.5/100,000
in the United States of America and Europe [43, 44]. But recently it can be seen anywhere in
the world due to immigration.
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Studies performed in Turkey, Iran, Japan, and Europe report that the prevalence of vascular
involvement in Behget’s disease in their respective countries is 17, 9, 9, and 10-37% [45].

Vascular involvement rarely occurs as the initial clinical appearance of BD. It was reported that
in a cohort of BD patients more than 94% exibited oral and genital ulceration at the first visit,
while only 20.6% displayed vascular involvement in their very first clinical examination [44].

Since the first report in Japan by Mishima et al. in 1961, written in 1973, vascular involvement
in BD has been reported to be about 2-46% and seen four to five times more in men in endemic
regions [46]. In a retrospective study consisting of 882 BD patients with vascular involvement,
the rate of vascular recurrence 2 years after the initial episode was found to be 23% and 38%
after 5 years. Only male gender was found as a potential risk factor among potential predictive
factors in the same study. Arterial attack is less frequent in comparison to venous involve-
ment. Worldwide prevalence of arterial involvement is around 1.5-3% [47]. Patients with arte-
rial involvements tend to have multiple lesions and usually have accompanying deep vein
thrombosis. Aneurysm is usually more commonly reported than occlusion [47].

Regarding the site of occurrence, there have been some geographic variations in cohorts
studied so far [47, 48]. Reports from Turkey and Korea described the femoral artery and the
abdominal aorta as the most common locations of aneurysm formation [49, 50]. However, a
report from a Chinese registry showed the lower extremity and the abdominal aorta as the
most frequently attacked sites and the femoral artery as a rarely attacked location [47]. This
is a typical example of geographical difference in frequency and locations of vascular lesions.

3.2. Pathogenesis

Autoinflammatory diseases have been described as diseases characterized by increased
immune response mediated by the immune system cell and molecules with a significant
degree of genetic predisposition and dominant congenital characteristics. BD also falls in this
group because of various clinical and inflammatory characteristics [48].

3.2.1. Genetic predisposition: HLA-B51

BD is not a Mendelian disease. However, it has an important genetic component due to its
familial characteristics [48]. HLA-B51 is the strongest identified factor for genetic predisposi-
tion. The presence of this association has been proven in various ethnic groups [50].

HLA-B51 may contribute to the pathogenesis of BD by both adaptive (presentation of some
pathogenic peptides to CD8 T cells) and congenital mechanisms (activation with natural killer
cells and by activating intracellular inflammatory pathways) affecting the immune system [48].

The evidence obtained in the recent research established the correlation between HLA-B51
and the clinical severity of BD [51].

3.2.2. Abnormally increased inflammatory response

Increased inflammatory response against nonspecific stimuli is a known feature of BD. This
particular feature forms the basis of the pathergy test which is widely used for diagnosis [6].
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The distinctly marked congenital immune response in BD patients is an enhanced expres-
sion of cytokines such as IL-1, IL-6, IL-8, and tumor necrosis factor (TNF) [52]. IL-1 levels
released by monocytyes, an action induced by lipopolysaccharides, can also be high in
BD patients [51]. Similarly, activated neutrophils are frequently observed in pathological
specimens, and BD is generally classified among neutrophilic dermatoses [53]. Systemic
vasculitis and occlusive perivasculitis and thrombosis are observed [53]. The hallmark his-
topathologic pattern of neutrophilic vasculitides is denoted as leukocytoclastic vasculitis,
which is characterized by angiocentric segmental inflammation, endothelial cell swelling,
and fibrinoid necrosis of blood vessel walls (postcapillary venules). Alavi et al. reported
that the cellular infiltrate around and within dermal blood vessel walls is composed
mainly of neutrophils. Direct immunofluorescence demonstrates deposition of comple-
ment C3, immunoglobulin IgM, IgA, and/or IgG in a granular pattern within the vessel
walls. Circulating immune complex deposition increases adhesiveness between inflamma-
tory cells and the endothelium and neutrophil-mediated damage to postcapillary venules.
Therefore, many factors play a role in the pathogenesis of BD. Vascular damage triggered
by inflammation increases the risk of thrombosis [41]. Increased plasma levels of nitric
oxide (NO) and its metabolites seen in BD patients demonstrate also the presence of an
endothelial dysfunction [54].

The presence of hypercoagulability also has been broadly demonstrated in BD patients. The
findings supporting this observation are a decrease in physiological fibrinolysis together with
high thrombin levels, low activated protein C concentrations, increase in thrombocyte activa-
tion, and the presence of lower tissue plasminogen activator levels [44, 55, 56].

The pathogenesis of aneurysms in BD is also another interesting pathological discussion.
The pathogenesis of aneurysms in BD has not been clearly revealed. However, it is pre-
sumed to be caused by obliterative endarteritis of vasa vasorum concomitant with intense
inflammation primarily involving the media and adventitia. Infiltration of inflammatory
cells, as reported by Al-Basheer et al., causes destruction of the media and fibrous thickening
of the intima and adventitia. The weakened arterial wall leads to the distension of the vessel
wall which at the end causes development of a true aneurysm or perforation of the vessel
wall which in turn leads to the development of a false aneurysm or arterial dissection [57].

Although the underlying causative factor is not yet well understood, BD can affect the muco-
cutaneous tissues, eyes, blood vessels, both arteries and vein, brain, nervous system, and gas-
trointestinal system with recurrent attacks. Ultimately, BD, as initially described by Hulusi
Behget, is a multifactorial disease in which many triggering factors like infections and viruses
may play a role [58].

3.3. Clinical findings

Like in other vasculitides, in BD, fever, weakness, and an increase in acute-phase reactants
(CRP, Erythrocyte sedimentation rate [ESR]) are the systemic findings in the acute stage of the
disease [59]. The following findings can be monitored in the acute inflammatory phase and
the following recovery —fibrosis phase:
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1. In the vessel lumen: irregularities, narrowing, and occlusion
2. In the vessel wall: necrosis, aneurysm, rupture, and fibrosis

3. In the tissues distal to the lesion: ischemia, necrosis, and dysfunction [59]

Arterial lesions are associated with the inflammation of the adventitia and media consisting
of the aseptic infiltration of tissues with neutrophils and mononuclear cells. Initially, active
arteritis develops in the affected arteries. This inflammation is followed by medial destruc-
tion and fibrosis. Arterial involvements include aneurysm, stenosis, and occlusions [60].
Perforation, the most frequently seen lesion in the arterial wall, develops probably as a result
of endothelial dysfunction, necrosis of elastic and smooth muscle cells. This in turn paves the
way for sinister pseudoaneurysm formation or an ominous rupture.

The most frequently affected artery is the abdominal aorta. This is followed in frequency by
the pulmonary, femoral, subclavian, and common carotid arteries [46]. Although rare, we may
encounter visceral artery involvement such as in jejunal arteries as reported by Wu et al. [61].

3.3.1. Aneurysms

Aneurysms are encountered more frequently than arterial occlusions [47]. Aneurysms are
frequent in Behget patients whose course is severe and complicated by uveitis or deep vein
thrombosis and cause high mortality rates [62]. It approximately takes 7 years for aneurysm
development after the onset of BD [12].

Although aneurysms can occur in almost all arteries, the abdominal aorta is the most fre-
quently involved artery. Rupture is the most commonly seen complication of aneurysms and
the most frequently encountered cause of vascular death [63]. Multiple aneurysms are also
relatively common in comparison to the normal population [47].

3.3.2. Systemic arterial aneurysms

Aneurysms in BD differ from degenerative aneurysms in many ways. They diverge from
degenerative aneurysms because they are observed in young patients, suprarenal location is
more frequent in aneurysms detected in Behget patients, and the shape of these aneurysms
is more often saccular rather than fusiform. Often multiple aneurysms coexist, and patient
symptoms more frequently appear under emergency conditions [47]. Aneurysms are the most
complex vascular lesions encountered in BD. They are among the most challenging patholo-
gies for vascular surgeons because of technical difficulties they present and their association
with high recurrence rates [64]. It is a unique fact that BD is the only vasculitis known to lead
to pulmonary artery aneurysms [57]. Also, it is a unique fact for BD that there is no correlation
between the diameter of an aneurysm and the risk of rupture [65].

Pseudoaneurysms develop as a result of frequent rupture of saccular aneurysms. Defects are
usually located on the posterior walls of arteries. There is a thick fibrous tissue containing
reactional lymph nodes in the retroperitoneum in abdominal aortic aneurysms. It may be
surgically difficult to expose the aorta because of this reason.
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Peripheral artery aneurysms may present as painful swellings. Following the aorta and the
pulmonary arteries, the carotid, femoral, popliteal, and subclavian arteries are the most fre-
quently affected sites. Apart from these usual locations, all visceral arteries may be attacked
[64, 66, 67]. Involvement of cerebral and renal arteries is rare. Abdominal aortic aneurysms
are often discovered in the chronic stage, with vague symptoms like back pain or abdominal
discomfort [51].

3.3.3. Pulmonary artery aneurysms

BD may attack any pulmonary artery in the pulmonary arterial tree regardless of diameter
causing aneurysm or occlusion in a similar fashion akin to what it does in the arterial system
[60]. Pulmonary artery aneurysms (PAAs) usually involve large- or medium-sized arteries.
Hemoptysis is the most frequent and generally the initial symptom [68]. Fatal hemorrhages
can occur when aneurysmatic arteries rupture into the bronchi [68, 69]. PAAs tend to occur
more in men and appear in younger patients in comparison to arterial involvement in other
areas. PAA can be multiple and bilateral. These patients generally also have DVT, caval or
intracardiac thrombi, and systemic arterial aneurysms [45, 70, 71].

The inflammatory process in PAA occurs in the vasa vasorum of the artery. Consequent isch-
emia occuring in the artery wall causes weakening in the vessel wall and causes rupture [55].
It is rather rare to have concomitant true and false PAA side by side. These lesions frequently
erode bronchi and cause massive and potentially mortal hemoptyses [72].

3.3.4. Occlusive lesions

Arterial lesions are usually solitary, but they may sometimes be multiple. They are gener-
ally accompanied by venous thromboses [73]. Arterial lesions may be asymptomatic depend-
ing on the sufficiency of the collateral circulation or may present with ischemic symptoms.
Thrombi may develop within the aneurysmal sac, and very rarely distal embolization may
occur leading to threatening limb ischemia [74]. The femoral artery is frequently affected. But
an extremity artery or coronary and splenic or visceral arteries like the mesenteric artery can
be occluded [60].

3.4. Diagnosis

The revised International Criteria for Behget’s Disease (ICBD) published in 2014 is the lat-
est diagnosis/classification criteria. The diagnosis is made clinically. Although the classical
triad includes urogenital ulcer, chronic ocular inflammation (uveitis), and mucocutaneous
lesions, BD is a multisystemic disease [74]. The new criteria include oral aphthosis, genital
aphthosis, ocular lesions, neurological manifestations, skin lesions, vascular manifesta-
tions, and positive pathergy test. Oral aphthosis, genital aphthosis, and ocular lesions each
get two points, whereas skin lesions, vascular manifestations, neurological manifestations,
and positive pathergy test each get one point. A patient scoring four points or above is
classified/diagnosed as BD [5].
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As reported by Wu et al., various symptoms in BD do not necessarily manifest themselves at
the same time. Sarica-Kugukoglu report that in 6.8% of their cases, vascular involvement pre-
ceded or occurred during the diagnosis of BD, and 33.7% of the patients developed vascular
disease within 5 years of diagnosis [75].

Early diagnosis of BD in young males with aneurysm:s is critical to avoid any ruptured aneu-
rysms. Early diagnosis may be based on radiographic imaging such as ultrasound angiog-
raphy, CT, and magnetic resonance angiography. CT has become the procedure of choice
in evaluating patients with aneurysm. Selective angiography has proven useful for both the
diagnosis and treatment of intestinal bleeding.

Patients with diagnosis of BD must be investigated with regard to multiple silent aneurysms;
close follow-up should be conducted and must especially be reinvestigated after major activa-
tion phases of BD [74].

Noninvasive methods such as Doppler ultrasonography, CT, MRI, or PET/CT should be pre-
ferred in evaluation and follow-up of arterial lesions. Arterial punctures made in classical
angiography may cause pseudoaneurysm development, a process similar to the reaction pro-
duced by the pathergy test in the skin [76, 77].

3.5. Treatment modalities

The treatment strategy for a peripheral artery aneurysm associated with BD is determined
by the anatomical location and clinical presentation, including rupture or impending rupture
and the active or remission stage of disease.

The presence of arterial involvement changes the course of BD dramatically and is associated
with bad prognosis [74]. Surgery or endovascular treatment used without immunosuppres-
sive medical therapy increases the risk of development of complications and pseudoaneu-
rysm after the operation or intervention [61]. Because of this important fact, endovascular or
surgical treatment must be combined with medical therapy.

3.5.1. Medical treatment

Steroids are the mainstay of treatment. They may be used systemically or topically. It is criti-
cally important to begin cyclophosphamide or prednisolone with aggressive immunosup-
pressive therapy in a combined fashion for the inhibition of progression of vascular lesions
and causes good prognosis [78]. Medical therapy should be the first choice for the treatment
of asymptomatic occlusive or stenotic lesions [60].

Anticoagulant, fibrinolytic, or antiplatelet agent use increases the risk of aneurysm rupture.
Serious hemorrhages can lead to death. There is no proof supporting the use of anticoagulants
in the treatment of arterial lesions. Anticoagulant use is not advised [61]. Nevertheless, the
use of anticoagulants or antiaggregants in combination with immunosuppressive and anti-
inflammatory agents in order to prevent graft occlusions in the postoperative period may be
useful [60].
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3.5.2. Surgical treatment

Surgical treatment is indicated generally for the treatment of systemic arterial aneurysms
because of increased risk of rupture. Since the risk of rupture of arterial aneurysms in BD is
not directly proportional to their diameter, they should be treated even if they are less than 5
cm in the abdominal aorta [47, 74]. Nevertheless, arterial repair under emergency conditions
can be complicated because of recurrent disease, graft occlusion, or development of anasto-
motic pseudoaneurysm [57, 79]. Due to these difficulties, strenghthening of the anastomotic
sites with prosthetic material thus decreases the dead space, and omental wrapping for fistula
prevention can be protective [47, 62].

Because the inflammatory process in BD may involve the autologuous venous material, syth-
etic material (Dacron or polytetrafluoroethylene [PTFE]) should be used instead of the saphe-
nous vein for graft material. Anastomoses should be performed at healthy-looking zones [60].

Reconstruction should always be performed in a disease-free-looking segment of the artery.
To avoid suture line problems of development of pseudoaneurysms, the suture lines can
be reinforced with plagets made of Teflon, and the graft can be wrapped with omentum.
The choice of graft material is significant in decreasing long-term complications. Vasculitis
may be present in the veins of the patient, and because of this factor, the use of autologous
grafts should be avoided, and synthetic grafts should be preferred. The graft of choice in the
abdominal area should be Dacron, whereas it should be polytetrafluoroethylene (PTFE) in the
extremities [74].

Especially if collateral circulation is deemed adequate, ligation of the aneurysmatic artery is
an alternative surgical treatment in distal aneurysms like popliteal artery aneurysm and for
unstable patients with ruptured aneurysms [80, 81].

Mortality of emergency surgery for ruptured pulmonary artery aneurysmsis very high. Therefore,
itis advisable to avoid surgery as much as possible if there is no life-threatening hemorrhage [82].

Recurrent false aneurysms at anastomotic sites may result in as high as 30-50% of cases.
Therefore, anastomoses should be done in macroscopically disease-free segments [83].

3.5.3. Endovascular treatment

Endovascular methods are increasingly widely used treatment modalities for patients with
BD. Endovascular treatment became popular because of being less invasive. They are more
preferred in BD because in BD the length of aneurysmatic segments is shorter, and these
aneurysms are in relatively younger group of patients in comparison to the older patients
with atherosclerotic aneurysms [65].

The endovascular approach is an alternative for treating arterial lesions. According to a report
by Kim et al., which stresses the importance of induction of remission of active disease by
preoperative immunosuppression, successful results have been achieved with an acceptable
complication rate [65]. Endovascular treatment looks like a safe and less invasive modality for
arterial pathologies linked with BD. In cases in which ligation cannot be performed because
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of the risk of peripheral ischemia, the endovascular approach may be a treatment option for
arterial involvement associated with BD.

Surgical and endovascular surgery, whichever is suitable for the patient, must be combined
with preoperative, perioperative, and postoperative medical therapy in order to increse the
chance of success.

3.6. Prognosis

The presence of BD increases morbidity and mortality significantly. This is even higher in
patients with vascular involvement. The highest morbidity and mortality rates in BD are
seen in patients who have pulmonary artery aneurysm. One-year survival is 50% in these
patients [84].

The most important reason of mortality is aneurysm rupture. One- and five-year mortalities
are 1.2 and 3.3 %, respectively [42]. Mortality rates, which are higher between ages 15 and 34,
decrease after age 35 [42].

In a multivariate analysis conducted by Sadooun et al., male gender, arterial involvement,
and multiple disease exacerbations were found independent factors of mortality [85].

3.7. Future and recommendations

Predicting which patients will have cardiovascular complications is the major concern of recent
investigations. Early diagnosis of vascular involvement is helpful for planning effective manage-
ment and improving the prognosis. Long-term follow-up is also essential in patients with BD
because of the relapsing nature of the disease [86]. The cornerstone in the treatment of Behget
patients is the avoidance of surgical intervention during the active stage of the disease. But this is
not possible in many cases [87]. Kasirajan suggests that all patients after the age of 55 with aneu-
rysms involving large- and medium-sized vessels should have an ESR and a CRP evaluation [76].

The infrequent nature of aneurysms in patients with BD precludes a large prospective study
evaluating open surgery versus endovascular technique. Nevertheless, the data at the present
time compels one to take the endovascular route if feasible. An increased awareness of BD and
its vascular complications is essential.

Management for arterial involvements associated with BD requires perioperative and postop-
erative comprehensive medical therapy to control the inflammation [88]. Consensus regard-
ing the graft of choice for arterial vasculature in BD is debatable. For example, successful
treatment of celiac artery aneurysm with extra-anatomical aorta-common hepatic artery
bypass using e-PTFE graft has been reported by Maeda et al. [89]. Koksoy et al. declared that
the choice of graft material did not affect the outcomes [90].

After surgical management, a high incidence of anastomotic dehiscence is one of the major prob-
lems in the treatment of vasculo-BD (VBD) [65]. There is no universally accepted method for
assessing disease activity in these patients, and no standard immunosuppressive protocol exists
for pre-/postendograft treatment. Nevertheless, the results of a small pilot study supported the
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usefulness of immunosuppressive treatment combined with endovascular pseudoaneurysm
repair (exclusion) in BD when the immunosuppressive agent kept the serum ESR level within
the normal range [90].

There are no data or evidence of benefit from anticoagulant, antiplatelet, or antifibrinolytic
agents in the management of DVT or for the use of anticoagulation for arterial lesions of BD.

The thrombus in BD adheres to the vessel wall and does not result in emboli, so pulmonary
embolism is rare. Another reason to avoid these agents is the possibility of a coexisting pul-
monary arterial aneurysm, which might result in fatal bleeding.

In the EULAR (European League Against Rheumatism) recommendation, immunosuppres-
sive agents, such as corticosteroids, azathioprine, and cyclophosphamide, are suggested to
reduce this inflammation because the primary pathology leading to DVT in BD is inflam-
mation of the vessel wall [90]. Several case reports showed the efficacy of antitumor necrosis
factor-alpha (TNF-a) agents for BD patients with complications of vascular involvement, such
as PAA, aortitis, and deep vein thrombosis. But only a limited number of studies about these
agents have been published [91-94]. In contrast, several studies have raised caution regarding
the possibility of development of thrombophlebitis as a side effect of infliximab in BD patients
[95, 96]. Further research is needed to clarify the efficacy and safety of anti-TNF-a agents in
the treatment of vascular involvement in BD.

4. Cardiac involvement and treatment modalities in Behget’s disease

4.1. Introduction

Cardiac involvement is one of the prognostically devastating manifestations of Behget’s dis-
ease (BD). Cardiac involvement is relatively uncommon [97]. The heart and great vessels
are not primary targets of BD, but although not well recognized, arterial or cardiac involve-
ment are life-threatening with associated strong prognostic implications in BD [3]. Cardiac
involvement is one of the most severe complications in patients with BD despite its sporadic
occurrence, being greatly correlated with mortality [98]. The incidence and nature of cardiac
involvement in Behget’s disease are not yet clearly documented [99].

Cardiac involvement includes pericarditis, coronary artery aneurysms, or stenoses indepen-
dent of atherosclerosis because of BD per se. Spontaneous coronary artery dissection, myocar-
ditis, cardiomyopathy, congestive cardiac failure, valvular diseases due to endomyocardial
fibrosis called Behget’s valvulitis, intracardiac thrombosis (ICT), sinus of Valsalva aneurysmes,
ventricular aneurysms, aneurysms of the ascending aorta or branches of the aorta such as the
carotid arteries, and aneurysms of the thoracic aorta are the other phenomena associated with
BD that will be discussed in this section.

BD may attack the myoendothelial damaging valves leading to conduction disturbances.
Endomyocardial fibrosis or valve dysfunction usually in the form of insufficiencies rather than
stenoses occur. Coronary arteritis may induce thrombi within ventricles, most commonly the
right ventricle [100]. Several cardiac manifestations may occur in the same patient [2].
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4.2. Epidemiology

BD is common in countries along the ancient Silk Road (from the Far East to the Mediterranean
region). The highest prevalence is in Turkey 40-370/100,000 [2]. In the Eastern Mediterranean
and the Middle East, middle-aged men suffer a more aggressive course especially when the
vascular system is affected. But nowadays, due to immigrations, BD is seen in almost every-
where throughout the world [101].

4.3. Pathogenesis

Over the past few years, pathophysiology of cardiovascular disease has been substantially
revised, and new facts have been discovered. Mechanisms of atherothrombogenesis have been
associated with inflammation and immune disorders [2]. In the recent past, many authors
began to classify BD as an autoinflammatory disease rather than an autoimmune disease [3].

The pathogenic mechanism underlying thrombotic propensity in patients with BD is not
however yet completely understood. It is believed that endothelial cell ischemia or disruption
leads to enhancement of platelet aggregation. It is important to consider BD as a prototypic
example of thrombotic diseases associated with T-cell-mediated neutrophilic inflammation.
In various studies it was shown that TNF-a-103 C allele and polymorphism in IL-21, IL-10,
and IL-8 genes are related to the pathogenesis if BD [1]. In addition, similar to the other disor-
ders with increased risk of thrombosis formation, there is endothelial cell injury and a hyper-
coagulable state in BD. Furthermore, selectins, a group of adhesion molecules consisting of
P- and E-selectins mediating leukocyte adhesion to platelets and endothelium, have a role in
thrombogenesis. Increased E- and P-selectin levels were reported in BD in some studies [102].

Prothrombin gene mutation was identified in some BD patients. Increased plasma homocyste-
ine levels are also a risk factor for thrombosis in BD. It was shown that mean plasma homocys-
teine levels in BD patients were substantially higher in comparison to that in healthy subjects,
which led to the suggestion that another conceivable pathogenic mechanism of thrombosis in
BD may be related to the presence of antiphospholipid antibodies, which have been reported
in 18% of cases in a study [103].

The vessel wall attracts cytokinergic and neutrophilic reactions causing damage by excessive
production of superoxide anion radicals and lysosomal enzymes leading to vascular wall
destruction with aneurysm formation [3]. Endothelial dysfunction, release of von Willebrand
factor, activation of platelets, enhanced thrombin and fibrin generation coupled with anti-
thrombin deficiency, and impaired fibrinolysis lead to increased thrombocoagulation asso-
ciated with perivasculitis [104, 105]. In a case series, histological samples of right-sided
intracardiac masses secondary to BD were studied which demonstrated dense inflammatory
infiltration, neovascularization, endocardial fibrin deposition, and fibrosis [106].

The pathogenesis of valvular regurgitation in BD was suggested as resulting from dilatation of
the aortic or mitral annulus caused by a typical inflammation [107]. Diffuse aortitis leads to proxi-
mal aortic dilatation and aortic regurgitation requiring aortic valve replacement. Histopathology
of the aorta reveals features similar to those observed in other systemic diseases with aortic
involvement, destruction of the valve tissue itself, diffuse aortitis of the ascending aorta, and
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aneurysm of the sinus of Valsalva. Several specific echocardiographic discoveries have been
made like redundant aortic valve cusps with prolapse, vegetation-like masses, and echolucencies
in Behget's valvulitis [108].

There is uncertainty about whether the coronary lesions are caused by atherosclerosis or vas-
culitis in these patients. Many studies investigated the possibility of increased atherosclero-
sis in BD. Most findings refute this hypothesis. Atherosclerosis by itself does not seem to be
enhanced by BD [109].

Three additional mechanisms have been proposed for development of coronary artery dis-
ease (CAD) in BD in the past decade:

1. Subclinical atherosclerosis
2. Silent ischemia

3. Spontaneous coronary artery dissection

A Spanish group reported about spontaneous coronary artery dissection of the LAD in a
Behget patient. They proposed that spontaneous coronary artery dissection could possibly be
a cause of coronary ischemia in BD [110]. A recent meta-analysis pointed to the fact that sub-
clinical atherosclerosis, not clinically apparent atherosclerosis, is increased in BD as depicted
by impaired flow-mediated dilatation and increased intima-media thickness but whether this
translates into coronary artery disease in time is controversial [111].

4.4. Clinical findings

Estimated incidence of cardiac involvement is reported 1-5% in a case series. Mortality is
rather high (around 20%). Cardiac involvement in BD could be asymptomatic [112]. Cardiac
involvement, when occurs, coexists with mucocutaneous manifestations.

Pericarditis is the most common cardiac complication in BD. Acute pericarditis, tamponade,
and constrictive pericarditis have been reported. Myocarditis, cardiomyopathy causing diastolic
and systolic dysfunction, valvular pathology coronary thromboses, coronary aneurysms, coro-
nary rupture, predominantly right-sided intracardiac thrombus, aneurysm of the aorta, and its
branches including the arch of aorta are other important cardiac complications of BD [112]. Several
cardiac manifestations may occur in one patient [2]. This manifests itself such as ICT accompanied
by peripheral arterial or venous involvement. Pulmonary, venous, and arterial involvements are
more common in patients with ICT than in patients without ICT. Recurrent ICT formation, espe-
cially right ventricular or atrial thrombosis due to BD, is therefore another important problem.

ICT was noted in 1.9% of 626 BD patients in a 2016 study. ICT typically involves the ventricles
rather than the atria and usually the right ventricle. The ICT is usually multiple, hyperechoic,
and homogenous with well-demarcated margins and mostly immobile with a broad-based
attachment to the ventricle or atrium [108].

Coronary artery disease (CAD) is rare in BD. It is more common in males younger than 40
years of age. CAD can lead to clinical manifestations such as stable or unstable angina which
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usually leads to myocardial infarction (MI). Sometimes silent ischemia occurs which may
later cause problems. Aneurysms readily occur in coronary arteries, sometimes multiple and
accompanied by stenoses. Coronary lesions tend to be proximal and easily cause MI lead-
ing to development of ventricular aneurysm formation or cardiomyopathy [113]. Aneurysm
formation and occlusion of coronary arteries are the most common etiologies for CAD in BD.

Coronary aneurysms are more frequent than stenoses and can present as acute coronary
syndrome and MI but sometimes are symptomatic [112]. In young adults with myocardial
infarction, BD should be considered as a nonatherosclerotic cause of CAD. Silent myocardial
infarction and subclinical disease may also be present in cardiac involvement of BD [114].
Therefore, understanding the etiology of acute myocardial infarction in BD is important for
determination of treatment strategy.

Although coronary arteritis may cause MI (myocardial infarction), in some of the patients with
MI, the coronary arteries are normal. Severe cases of BD look more prone to AMI (acute myo-
cardial infarction), and it was also demonstrated that occlusion of coronary arteries usually
developed because of thrombus formation in CAD (coronary artery disease) leading to AML

Intracardiac thrombus that often precedes other manifestations of BD has been reported.
These thrombi are found mainly in the right ventricle and are often associated with pulmo-
nary artery aneurysm. Endomyocardial fibrosis plays a role in the intracardiac thrombus
development in some patients. Due to high specificity of the right heart thrombus in BD, in
any patient with this finding, diagnosis of BD should be considered. Intracardiac thrombus is
the major differential diagnosis when a young patient presents with an intracardiac mass. It
is especially common in young adult BD patients from the Middle East or the Mediterranean
basin.

The right and left ventricular function may also be subtly impaired in patients with BD. There
is a relationship between the duration of BD and cardiac involvement. As the duration of BD
lengthens, the development of left ventricular diastolic dysfunction increases [115, 116].

Interatrial septal aneurysm, atrial septal defect, mitral valve prolapse, and mitral failure are
also seen, albeit rarely [113]. It was reported that valvular prolapse including mitral valve
prolapse can be related to vasculitis and tissue derangement [112].

Most of the aneurysms of the sinus of Valsalva observed in BD have been seen in the right
coronary sinus, which may protrude into the right atrium or ventricle [112]. Most unfortu-
nately this pathology is discovered after rupture. A few cases of the sinus of Valsalva aneu-
rysm, which usually developed in the active phase of BD, have been reported. Heart failure
may occur because of the ruptured aneurysm necessitating urgent surgical intervention [112].

Conduction abnormalities that could directly be ascribed to BD and those that could not be
ascribed directly to BD were reported in the past [112].

Aortic valve involvement occurs late in the course of the disease as in the case of arterial lesions.
They usually occur 3.2-7.9 years after diagnosis [107]. Aortitis by itself or seen with valvulitis in
BD is very rare and frequently causes clinically important aortic regurgitation leading eventu-
ally to hemodynamic decompensation for which surgical treatment is generally needed. Surgical
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treatment is demanding because of the presence of inflamed, fragile aortic tissue. The most dan-
gerous complications seen postoperatively are prosthetic valve detachment, bypass graft occlu-
sion, and pseudoaneurysm development leading to more morbid and sometimes mortal second
operations. A high rate of prosthetic valve detachment rate of 40% and a low rate of 5-year free-
dom from reoperation (64%) in patients with BD were reported [117]. In a study, the reoperation
rate was 7.4% per patient-year, and the mortality rate was 3.7% per patient-year [118].

Radiographic evidence of ascending aortic dilatation has been reported in 48% of BD patients
in a series [99]. Other cross-sectional studies have reported various prevalences of thoracic
aortic aneurysm: 5% in a Turkish cohort and 5.4% in a French cohort of BD patients in similar-
sized BD cohorts [119, 120]. In a longitudinal study, eight patients diagnosed with thoracic
aortic aneurysm were followed up for a median of 7.6 years. During this follow-up period,
three deaths occurred, and the cause of death was recorded as due to thoracic aortic aneu-
rysm [120]. However, despite many advances over recent years in imaging techniques for
thoracic aortic aneurysm, international recommendations, such as those currently provided
by the European League Against Rheumatism (EULAR), do not provide any guidance about
screening and monitoring thoracic aortic aneurysm [121]. Aortic root inflammation can cause
mural thickening, dilatation, valvulitis, and aortic valve insufficiency in a variety of infectious
and noninfectious aortitides. Specific echocardiographic findings have been described as
redundant aortic valve cusps with prolapse, vegetation-like masses, and echolucencies with
Behget's valvulitis [122].

As early as 1997, Morelli et al. reported mitral valve prolapse which was observed in 50% and
proximal aorta dilatation in 30% of their patients. There was a significant difference in the rate
of these abnormalities in comparison to their control group. The positivity rate of antinuclear
and anticardiolipin autoantibodies was found to be very low (7%), with no difference between
the study and control groups. HLA-B51 was detected in 82.7% of the patients in comparison
to 21.7% in the control group (p <0.00001). As a result, this study showed a high rate of cardiac
abnormalities in patients with BD [123].

4.5. Diagnosis

Because BD lacks proper, clear-cut pathognomonic clinical and especially laboratory findings,
the diagnosis may be difficult to reach. Also, it is important to bear in mind the fact that auto-
inflammatory diseases such as BD are heterogeneous diseases showing heterogeneous symp-
toms and clinical courses. Diagnosis is, therefore, clinically made [101]. Cardiac BD affects
males more than females and is prone to delayed diagnosis because some patients do not have
typical clinical manifestations at cardiac onset [124].

Cardiac valve involvement is a rare entity in BD, but when it occurs, it presents as a critical
problem that necessitates urgent and correct diagnosis and treatment. Echocardiography is
very useful for the necessary timely diagnosis. Diagnosis of FDG-PET scans may have a clini-
cal value as a workup study for patients with BD who have cardiovascular presentations [125].

The right and left ventricular function is impaired in patients with BD. Novel methods such as
tissue Doppler echocardiography (TDE) or Doppler-derived myocardial performance index
(MPT) allow more objective estimation of cardiac functions [126].



Vascular Manifestations of Behcet's Disease
http://dx.doi.org/10.5772/intechopen.68765

4.6. Treatment

Treatment of BD is still unfortunately based on the low level of evidence (experts” opinion)
[127]. Treatment of Behget’s disease is symptomatic and empirical but remains unsatisfac-
tory because of variable, heterogeneous manifestations with uncertain etiology and patho-
genesis. In addition, clinical disease manifestations and mortality appear to vary by ethnic
group [128].

4.6.1. Medical treatment

Corticosteroids, cyclophosphamide, methotrexate, azathioprine, cyclosporine, and colchicine pro-
vide remissions of variable remissions in most patients. Experience with the use of anti-TNF agents
in BD has advanced in recent years. Colchicine is shown to be effective in cases of pericarditis.

Corticosteroids plus immunosuppressants reduce the thrombus formation and improve aor-
tic regurgitation and heart failure in cardiac BD, whereas surgery alone does not lead to com-
plete resolution of thrombus [129].

In cases of ICT, the current therapy is built according to the severity of the disease and the
location of the lesion. Since BD usually has an ever-changing fiery and silent-phase variations,
it is generally difficult to monitor the effectivity of treatment. Like in other serious vasculiti-
des, the mainstay of treatment in BD is immunosuppressive therapy.

Standard anticoagulation with heparin or oral anticoagulants is not recommended in all BD
cases. However, anticoagulation with immunosuppression is the recommended treatment in
BD cases with ICT. Aneurysms may reduce in size or may even disappear with medical treat-
ment (combination of cyclophosphamide and methylprednisolone) [127].

It was reported that recurrent right atrial thrombus due to BD is commonly observed despite
continued anticoagulation therapy. It is important to know that thrombus disappears after
the initiation of immunosuppressive therapy [129]. Medical treatment with immunosuppres-
sants may be the first choice for patients with BD who have ICT [111]. To avoid a progres-
sion to thrombus or cardiac dysfunction in recurrent cases, the early identification of cardiac
involvement of BD using echocardiography and/or cardiac magnetic resonance imaging is of
great importance. Combined immunosuppressive therapy with prednisolone and cyclophos-
phamide are usually needed to treat recurrent thrombosis due to BD [111, 129].

4.6.2. Surgical and endovascular treatment

There is surprisingly limited evidence of quality in planning a consistent treatment strategy
for cardiovascular involvement of BS, especially in the potential role for surgery [130].

In patients with BD, aortitis or other cardiovascular complications should be evaluated care-
fully in those with chest discomfort. Steroid administration is important, especially preopera-
tively, which not only decreases inflammatory reactions but also reduces the postoperative
steroid dosage and diminishes the associated side effects.

Coronary arterial disease is generally treated with either conservative or invasive procedures
and by surgery when indicated. Less invasive therapies are the first choice because many
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perioperative complications may await the patient. Graft failure due to thrombosis and devel-
opment of aneurysms at anastomotic sites are such complications. Moreover, complications
such as disseminated venous thrombosis leading to pleural effusion, Budd-Chiari syndrome,
and central nervous system involvement following coronary artery bypass grafting (CABG)
surgery treated with anticoagulant and anti-inflammatory therapy have been reported [131].

In the course of CABG, the use of arterial grafts and avoidance of aortic manipulation, in
order to decrease the risk of pseudoaneurysmal formation, are strongly recommended [132].
The use of free arterial grafts is advised because of the risk of possible left subclavian arterial
occlusion after CABG which may cause a devastating MI [133].

Behget's disease involves all types of vessels, but coronary arterial involvement is extremely
rare. The patients are generally young, and they are frequently treated medically. CABG is
performed with care on these patients, and off-pump techniques are generally preferred.
Surgical treatment of Behget patients is itself challenging because the tissues are fragile
and the coronary arteries are inflamed [132]. Therefore, some surgeons prefer not to per-
form CABG because the tissues are fragile, the grafts are affected by inflammation, and
hypercoagulopathy may be a problem perioperatively [134]. Others recommend percutane-
ous interventions (PCI) or minimally invasive procedures such as off-pump no-touch aorta
techniques [135].

Major problems after CABG surgery are also bleeding and anastomotic pseudoaneurysm.
Minimal manipulation of the tissues, meticulous hemostasis, and concomitant use of cortico-
steroids and immunosuppressants are important to circumvent these devastating complica-
tions [131, 132, 134].

Hematoma and/or pseudoaneurysm, especially of the femoral artery after coronary angiog-
raphy, may be encountered. Multiple punctures must be avoided, and catheters should be
removed as early as the patient’s condition allows to prevent such complications [134].

Advances in noninvasive imaging modalities such as CT coronary angiography increased
our noninvasive capability of evaluating coronary artery disease. When control imaging like
angiography is needed, this ever-developing cost-effective method should be utilized [136].

There are no comprehensive studies on the long-term patency of the grafts used for coro-
nary bypass because the grafts may be affected by the disease. Therefore, patients must be
informed about possible reoperations and reinterventions.

Surgery alone in treating ICT leads to recurrences. ICT has risk of recurrence [129]. Combined
immunosuppressive therapy with steroids (prednisolone) and cyclophosphamide is needed
to treat ICT and prevent recurrences. Immunosuppressive therapy reduces ICT relapse
[137]. EULAR does not recommend anticoagulants in the treatment of thrombosis [121].
Unfortunately, as of now, there are no controlled studies or evidence of benefit from experi-
ence with anticoagulants, antiplatelet, or antifibrinolytics in vascular BD [129].

Rates of prosthetic valve detachment in BD of the aortic valve are significantly higher than in
other valvular diseases such as rheumatic valve disease. Performing prosthetic aortic valve
replacements for a Behget-related valvulopathy carries an increased risk of dehiscence if no
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preoperative immunosuppression is administered; on the other hand, total aortic root replace-
ment may allow more durable results.

The surgical implications and management of Behget’s aortitis with associated severe aor-
tic insufficiency remain a serious challenge, because the aortic tissue involved not only is
inflamed but also may be irrevocably fragile. The postoperative period may be affected
by complications that may be both costly and life-threatening. Reoccurrence and reopera-
tion rates in BS are high contributing to higher morbidity and mortality. Modified surgical
techniques like valved conduit procedures and perioperative and postoperative continuous
immunosuppression are advised.

There is a high recurrence rate of complications in PAA stemming from inadequate medical
therapy and the inherent disadvantages of surgical treatment. This fact makes PAA candi-
dates for endovascular management. Successful treatment of PAA with endovascular emboli-
zation using n-butyl cyanoacrylate (NBCA) has been reported [138-140].

Percutaneous NBCA embolization of PAAs is also reported as a safe and effective front-line
treatment in BD patients presenting with life-threatening massive hemoptysis [139].

Emergency surgery after the diagnosis of PAA has a high potential of complications like
perivascular leaks, graft thrombosis, and anastomotic leaks due to the very nature of PAA.
Anastomotic leaks causing recurrence of hemoptysis have also been reported. Surgical treat-
ment may have the disadvantage of the potential need for repeated thoracotomy because of
recurrence of aneurysm. Postoperative healing has been shown to be compromised because
of long-term corticosteroid usage. The risk of infection is high. PAAs commonly occur bilat-
erally. Increased pulmonary artery pressure after lobectomy on one hemithorax may cause
increased size of other PAAs with eventual rupture and mortality. Due to these setbacks and
the possible high mortality rate associated with surgical treatment, endovascular treatment
looks like a reliable alternative instead of surgery when life-threatening hemoptysis and a
narrow window of opportunity to save patients’ lives are present [139]. PAA patients treated
by embolization with or without immunosuppressive therapy were reported to have a better
prognosis than patients who underwent surgery with or without immunosuppressive ther-

apy [139].

Delaying surgery in cases with active-phase inflammation and initiating immunosuppressive
therapy before and after surgery is recommended when the patients’ lives are not immedi-
ately threatened. Moreover, because of high reoperation and mortality rates, long-term fol-
low-up is mandatory after surgery.

4.7. Prognosis

BD significantly increases mortality especially in young male patients, while it is less severe
among females and the aged with regard to cardiac and vascular involvement. In many
patients, the disease tends to abate with the passage of time. The main cause of mortality is
large-vessel disease, especially bleeding PAA, almost exclusively among male patients [84].
BD is a chronic inflammatory disease which shows exacerbations and remissions. Especially,
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young male patients have severe prognoses. With advancing age remission periods lengthen
and the severity of exacerbations decrease. A five-year survival rate of BD was 95.8% without
cardiac complications. But this rate drops to 83.6% if cardiac BD is present [113]. Annual BD
mortality varies between 2 and 4% [3]. Prognosis of coronary artery involvement is poor. MI
accounted for 25% of deaths in a cohort published in 2012 [113].

Poor prognostic factors in BD include vascular and cardiac involvement per se, male gender,
and early age of onset. Involvement of the aortic valve is also a bad prognostic factor with a
given 44% mortality rate in a study [141].

Follow-up is also problematic. In a study conducted in Korea about long-term mortality after
treatment for aortic involvement revealed 47% mortality of which none occurred at the oper-
ating room but all in the postoperative period. Also, in this study event-free survival at 13
years in patients who were administered immunosuppressive therapies versus no immuno-
suppression was 34% to zero ( 0%), respectively, underlining the importance of continuation
of immunosuppressive therapy perioperatively. It was also reported that aortic root replace-
ment in comparison to solitary aortic valve replacement had much better prognosis, namely,
39% versus 4%, respectively [142].

4.8. Suggestions and future

In young male patients with intracavitary thrombus, BD must come to mind as a probable
diagnosis.

Arterial, venous, and pulmonary involvements are generally more frequently seen in BD
patients in whom ICT occurs in comparison to the general BD population As DVT has been
documented in almost half of the BD patients with ICT, we recommend that all BD patients
with ICT should be examined for venous disease using duplex ultrasonography. Because pul-
monary involvement (PAA and PTE) and ICT are oftentimes encountered concomitantly, we
suggest that pulmonary involvement should be investigated by thoracic CT in all BD patients
with ICT.

In patients with BD who are in the active inflammatory stage of the disease, periodic echocar-
diography examination for early detection of an aneurysm or valvular involvement should be
made even if there are no symptoms. We recommend for all BD patients a systematic echo-
cardiographic examination not only when clinically indicated but also routinely once every
year [130].

The prevalence of SMI is high in patients with BD. Therefore, myocardial perfusion scintigra-
phy should be recommended for patients with duration of BD greater than 10 years.

Physicians caring for BD patients, internists, rheumatologists, and dermatologists should
work closely with cardiologists and cardiovascular surgeons to increase awareness of these
silent and potentially fatal vascular complications and form multidisciplinary groups to
address this problem not only for individual cases as they arise but also in order to generate
the future evidence bases to more successfully manage BD and its cardiovascular complica-
tions in the future.
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5. Behget’s disease and vascular involvement in the pediatric age group

BD occasionally involves children before the age of 16 in 4-26% of BD cases [143]. Large-vessel
vasculitis is the leading cause of vascular mortality seen in the pediatric age group. In children
with vascular involvement, male patients are predominantly affected with a ratio of 6 to 1.

BD manifests itself differently in children. Ocular disease is usually absent, and establishment
of diagnosis is usually late. The diagnosis of BD is difficult to establish in itself, and because
of the insidious onset in children it is more subtle and challenging [144]. Because of this dif-
ficulty, several new pediatric BD classifications were proposed [145].

In a study conducted in children, vascular involvement was observed in 25% of the children
affected by BD, and all of them had venous thrombi [146]. Half of these were cerebral thrombi
and the other half was peripheral thrombi. These rates were also found in similar percentages
in another study conducted in children [147]. The main locations of thrombosis were the cere-
bral sinuses in 11 patients (52.4%) and lower limbs in 9 patients (40.9%)

Although very rare, Budd-Chiari syndrome and rupture of pulmonary artery aneurysms
have all been reported in children [144].

In a comprehensive study comprising four countries, the mortality rate in pediatric BD (3%)
was generally related to large-vessel involvement [148]. In this study, 18 episodes of venous
thrombosis were observed in 10 (15%) patients: 7 boys and 3 girls. They occurred six times
in the lower extremities (both legs in two cases). It was reported that one patient experi-
enced eight episodes of IVC thrombosis and died eventually of multiple deep vein thrombo-
ses. Arterial involvement including arterial aneurysms (four) and arterial thrombosis (five)
occurred in six patients (four boys, two girls). Pulmonary arteries were the most frequently
attacked (three), causing life-threatening hemoptyses. Geographic differences among patients
with vascular complications were reported as not statistically significant [148].

In a study conducted on vascular BD patients in the pediatric age group, out of seven patients
two had superficial vein thrombosis, two patients exhibited atrial or ventricular thrombosis,
and one showed arterial involvement with PAA. Two of the patients had thrombosis of the
venous sinuses in the central nervous system. The average apperance of vascular involvement
was reported 4 months after the diagnosis of BD. All of these patients were administered with
colchicine and steroids. The ones with thrombosis in the venous system received additional
azathioprine, whereas those with pulmonary arterial or cardiac involvement initially received
cyclophosphamide and then were changed to azathioprine for 6 more months. All patients
other than the PAA patient were administered with a course of anticoagulation treatment as
well. These patients were then followed up for at least 18 months and were free of vascular
relapses as of reporting [149].

The abovementioned study had some recommendations for both physicians and families.
They suggested that pediatricians should follow and monitor their patients with BD for arterial
and venous vascular disease. All families should be informed about the possible characteristics
and appearances of peripheral venous involvement, signs of sinus thrombi, and be warned
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and informed about chest pain. When pertinent symptoms arise, urgent medical care and diag-
nostic techniques should be used. They reported that effective management and the judicious
use of immunosuppressives are successful in disease control and recommended avoidance of
biological agents [149].

6. Behget’s disease and vascular involvement in pregnancy

6.1. Introduction

Because BD occurs more prevalently during fertile years and is multisystemic in its involve-
ments, disease activity in pregnancy and its obstetric and neonatal outcomes deserve special
attention.

BD is often diagnosed in women in the childbearing age [150]. The rate of de novo occur-
rence of BD in pregnancy is rare [151]. BD presents itself with similar symptoms observed in
nonpregnant patients. Patients with BD do not have a higher rate of vascular complications
during pregnancy. Similarly, the obstetric complication rate is not increased.

6.2. Clinical course

Symptoms are inclined to improve in pregnancy, and most patients have a symptom-free
pregnancy. Remission of disease activity is seen in a minority of pregnant BD patients [152].
Because of this reason, vascular complications are very rare in pregnant patients with BD.

Regression of disease activity during pregnancy is attributed to the inhibition of T cell, mac-
rophage, and natural killer cell activity [153]. Interleukin 10 (IL-10) levels have been found
elevated during pregnancy, but those levels were decreased at the end of pregnancy. The
anti-inflammatory properties of IL-10 may have reduced the occurrence of BD exacerbations
during the obstetric period, but decreased levels of IL-10 may explain some of the symptoms
occurring in the postpartum period [154]. Estrogen also has anti-inflammatory actions like
suppression of IL12 production and suppression of antigen-presenting capacity and stimula-
tion of anti-inflammatory IL-10 production [155].

6.2.1. The neonatal outcome

The neonatal outcome is debatable. In a study presented in 2014, a series of 298 pregnancies
of which 94 had BD were compared with 95 healthy controls, and it was reported that BD
patients delivered smaller babies and miscarriages were more numerous in the BD group
that could be attributed to vasculitis of the placenta [156]. However, in a study conducted in
Turkey, among 342 deliveries 41 deliveries occurred in patients with BD. The rates of still-
birth, preeclampsia, preterm delivery, and intrauterine growth retardation did not differ in
pregnant patients with BD. Perinatal mortality, neonatal intensive care unit admissions, and
low birth weight incidences were similar to those without BD [152].
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6.2.2. Vascular complications

The overall incidence of vascular complications in pregnant patients with BD was 5%, which
was significantly higher than the normal pregnant patients [152]. Various types of thrombotic
attacks have been reported during pregnancy and in the postpartum period. The postpartum
period may be complicated by thromboses refractory to anticoagulation.

It was reported that complications during pregnancy in Behget patients who had prior vascu-
lar involvement were higher in comparison to the normal population [154]. The annual rate of
BD flare was threefold lower during pregnancy. The rate of obstetric complications was 16%
and was increased in BD patients with a history of venous thrombosis [154]. In a study the
presence of venous involvement increased the odds of obstetric complications by sevenfold
[157]. All of such patients in a French cohort who had venous BD exacerbations had experi-
enced prior DVT, and two had associated cerebral venous thrombosis [154].

The risk of fetal loss in BD is, however, lower than the risk of fetal loss observed in antiphos-
pholipid syndrome [158].

Most BD flares during pregnancy are mucocutaneous or ocular in character [159]. Vascular
involvement usually includes the venous system similar to the nonpregnant population. Heart
failure due to tricuspid regurgitation and related right ventricular dysfunction resulting from
ventricular endomyocardial fibrosis has been reported [151]. BD exacerbation developed in
29.7% of the pregnancies in a series [154]. This rate ranges from 8% to 60% in the literature
[150, 160]. In the above-mentioned series, the main symptoms during BD activity were oral
ulceration (58.3% [range 50-66.7%]) and genital ulceration (44.4% [range 25-55.6%]), followed
by skin lesions (25% [range 8.3-33.3%]) and ocular inflammation (5.6% [0-25%]) [150, 160].

Vascular manifestations were reported in two series: one patient experienced Budd-Chiari
syndrome, and one patient had DVT [150, 157]. Apart from these series, some case reports
have been published and described exceptionally severe disease exacerbations such as DVT
with nephrotic syndrome, SVC thrombosis, dural sinus thrombosis, or intracardiac thrombo-
sis [161-164].

6.3. Treatment

Surgical thrombectomy has been used for DVT [12]. Thrombolytic therapy is effective for
DVT and intracardiac thrombus and may be safer and more effective than surgery [164].
Thrombolysis and stent placement are viable options in SVC thrombosis [165].

Medical treatments, especially acetylsalicylic acid and low-molecular heparin, are safe in
pregnancy and are widely used. The use of colchicine is reported to reduce the risk of severe
BD exacerbations, because the proportion of disease exacerbations was twofold lower in BD
patients treated with colchicine [154]. Because colchicine crosses the human placenta, the
safety of colchicine treatment in pregnant BD patients is an important point. Although col-
chicine has antimitotic effects, the safety of this drug during pregnancy was recently assessed
in a prospective comparative cohort study in which 238 colchicine-exposed pregnancies were
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followed up [166]. No increase in teratogenicity or congenital abnormalities was observed.
Therefore, colchicine treatment is safe in pregnant women with BD and could even reduce
the risk of disease exacerbations. Other medications such as azathioprine, glucocorticoids,
and biological agents like infliximab can also be used during pregnancy, apparently without
an increased risk of complications [167].

7. Conclusion

Since the first description by Hulusi Behget in 1937, BD has been one of the most thoroughly
researched diseases. But the enigma continues. The mechanisms of vascular involvement
are still very obscure. Cardiac Behget, since continuous perioperative immunosuppression
administration became the rule, and thrombolysis became available, began to have fair results
after intervention or surgery. Moreover, in the last two decades, vascular manifestation of BD
has at least begun to be amenable to vascular and endovascular surgery increasing hopes for
better quality of life for BD patients.
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Abstract

Patients with Behget’s disease are at risk for multiple vessel-related complications includ-
ing thromboses, stenoses, occlusions, and aneurysms. Surgical treatment of Angio-Behget
brings numerous challenges due to the peculiarities of the disease process and the high
rate of complications. Recurrent vascular episodes are also quite common and Behget
patients require rigorous follow-up. In this review, we focus on the manifestations of
Behget's disease involving the venous system and the systemic arterial vasculitis focusing
on the indications, workup, and techniques for surgical treatment. Several case studies
from our own experience are presented together with supporting diagnostic imaging and
the decision process whether to intervene is discussed. Although open surgery remains
a valid option, new endovascular techniques are rapidly advancing and offer excellent
results with important decrease in morbidity and mortality even in highly compromised
patients.

Keywords: vascular, arterial, venous, EVAR, TEVAR, aneurysm, thrombosis

1. Introduction

Patients with Behget’'s disease (BD) are at risk for multiple vessel-related complications
including thromboses, stenoses, occlusions, and aneurysms. Venous involvement is predomi-
nant in comparison with arterial involvement (4:1) [1]. Recurrent vascular episodes are quite
common with incidence of up to 23% after 2 years and up to 40% at 5 years [2]. Calamia et al.
have proposed a classification of the vascular lesions of the great vessels [3] (Table 1).

Vascular arterial manifestations of Behget’s disease are observed in 7-29% of patients affected
from this disease and arterial lesions represent 15% of all vascular lesions in BD [4, 5]. Arterial
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Systemic arterial vasculitis
Aneurysms
Stenoses/occlusions
Pulmonary arterial vasculitis
Aneurysms
Stenoses/occlusions

Venous occlusions

Superficial venous thrombosis
Deep venous thrombosis
Cerebral venous thrombosis
Budd-Chiari syndrome
Portal vein thrombosis
Right ventricular thrombosis
Pulmonary emboli

Varices

Table 1. Classification of the vascular lesions of the great vessels.

lesions pose a greater risk and are associated with a large impact on the prognosis due to
the severity of complications [6]. Most common arterial lesions observed in BD are occlu-
sions/stenosis and aneurysms/pseudoaneurysms. Though theoretically any arterial vessel can
be affected by these lesions, most commonly affected segments are, in order of frequency,
abdominal aorta, pulmonary, femoral, popliteal, and carotid arteries [7]. Clinical presentation
varies and can include acute or chronic limb ischemia, aneurysmal thromboses or rupture,
and stroke [4]. Rupture is the most frequent complication of aneurysms and the most com-
mon cause of vascular-related death in BD [8]. Arterial involvement can be recurrent and is
often associated with venous involvement; aneurysms can develop at various sites simultane-
ously and may be associated to occlusive lesions even in the same patient [9, 10]. Pulmonary
arterial lesions are most frequently associated to venous thrombosis [11].

Surgical treatment of arterial manifestations of BD bears many pitfalls, since the obliterative
endarteritis of vasa vasorum causes thickening of the medial layer and splitting of elastin
fibers. Therefore, anastomotic pseudoaneurysms are likely to form, as well as pseudoaneu-
rysms at the site of puncture in case of angiography or endovascular treatment; furthermore,
early graft occlusion may occur [4, 8, 12].

For these reasons, invasive treatment should not be performed in the acute and active phases
of the disease when inflammation is at its peak. The evaluation of disease’s activity is usually
based on relapsing symptoms, ESR (erythrocyte sedimentation rate), and serum levels of CRP
(C-reactive protein) [13, 14].
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Endovascular treatment can be an effective and safe alternative to open surgery, with less
postoperative complications, faster recovery time, and reduced need for intensive care,
while offering patency rates and procedural success rates comparable with those of surgery
[15, 16]. This notwithstanding, long-term results of endovascular treatment in BD are still to
be determined.

2. Venous involvement

Superficial vein thrombosis (SVT) has been found by some to be the dominant lesion (up to
53% of the patients), whereas others have found deep vein thrombosis (DVT) to be more prev-
alent (up to 80%) although still highly correlating with SVT [16-18]. Duplex ultrasound (DUS)
is the diagnostic modality of choice allowing for differentiation between a recent (hypoecoic)
and old (hyperecoic in the context of wall thickening) thrombus. Treatment is mainly medical,
although there is considerable debate as to the use of anticoagulants, antiplatelet, or fibrino-
lytic agents. The European League Against Rheumatism (EULAR) does not recommend their
use as the thrombus usually adheres firmly to the vessel wall and does not result in emboli
which would explain the low incidence of pulmonary embolism [19].

Superior vena cava thrombosis can be observed in about 2.5% of the cases and can also be
secondary to axillary or subclavian vein thrombosis [3]. Superior vena cava syndrome, which
results from complete or partial obstruction of venous return from the upper body, can be
asymptomatic or can present with dyspnea, facial swelling, head fullness, cough, arm swell-
ing, chest pain, dysphagia, and pleural effusions. Obstruction of venous flow can also be a
result of lumen reduction due to thickening of the vessel wall without evidence of thrombosis.
The preferred diagnostic modality is chest computed tomography (CT). Magnetic resonance
imaging (MRI) has increased sensitivity in establishing the thrombus extension particularly
toward the heart.

Case 1 (Figure 1): A 20-year-old male patient with BD presents with ill-defined abdominal pain. A CT
scan is performed showing a partial filling defect in the suprahepatic portion of the inferior vena cava,
just distal to the right atrium. The hepatic veins were patent and venous flow through the partially

Figure 1. CT scan and Gd-DPTA MRI scan in a 20-year-old male BD patient showing inferior vena cava thrombosis in
its supradiaphragmatic segment.
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obstructed IVC was maintained. The patient was treated with oral anticoagulation therapy for 6 months,
undergoes frequent follow-up visits, and is currently asymptomatic.

Inferior vena cava thrombosis can be found in up to a third of the patients with BD [3, 17].
Budd-Chiari syndrome is a complication resulting from the thrombosis of the retrohepatic
portion of the IVC. DUS can be useful in the diagnosis and CT and MRI can help further
define asymmetry in hepatic perfusion [20].

Portal vein thrombosis is another common finding in Behget’s syndrome occurring in approx-
imately 9.2% of the patients and rapidly giving way to cavernous transformation character-
ized by numerous collaterals at the hepatic hilum and around the thrombosed portal branches
[3, 21, 22]. Portal vein thromboses could present as ascites, splenomegaly, hepatomegaly, and
hepatic infarction. Mesenteric ischemic involvement can also lead to infectious portal vein
thromboses and liver abscesses.

Surgical treatment in venous thrombosis is limited to portocaval shunting in Budd-Chiari
syndrome. Transjugular intrahepatic portocaval shunt (TIPS) can be performed if the vena
cava is patent. Thrombolytic therapy can be considered in the acute phase involving the vena
cava or portal vein with direct infusion of urokinase or tissue plasminogen activator (tPA)
[23].

2.1. Abdominal aortic aneurysm

An abdominal aortic aneurysm (AAA) is defined as an abdominal aortic diameter of 3.0 cm or
more in either anterior-posterior or transverse planes [24]. A pseudoaneurysm is defined as a
tear through the layers of the arterial wall resulting in hematoma formation outside the vessel,
circumscribed by periarterial tissue, with a persistent communication between the artery and
the newly formed cavity.

While in atherosclerotic disease the indication to the treatment of AAA is dependent on the
aneurysmal size because of the direct relationship between this parameter and the risk of
rupture, in BD aneurysms should be repaired as soon as possible because of high rupture risk
due to the underlying aortitis [13, 25]. Most frequently, the aneurysm is located below the
emergency of renal arteries, but every segment of the aorta can be affected, and the shape is
usually saccular [13].

AAAs are usually asymptomatic and may go unnoticed until symptoms develop in the late
stages of the disease, such as compression of nearby structures, back pain, erosion of vertebral
bodies, and hydronephrosis. At physical examination, a mesogastric pulsatile swelling can be
observed.

The most dangerous complication of AAAs is rupture, defined as bleeding outside the adven-
titia of a dilated aortic wall, rapidly leading to death of the patient if a repair is not performed
quickly. Rupture can occur in retroperitoneal cavity, with peritoneal tissue providing tam-
ponade and thus reducing the volume of blood loss. Symptoms of ruptured AAA include
abdominal acute pain and abdominal swelling, femoral arteries pulselessness and acute lower
limbs ischemia, embolic events, and signs of hemorrhagic shock [16, 26].
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2.2. Imaging

Diagnosis can be confirmed by DUS, which is noninvasive, is cheap, and has high sensitivity
and specificity for the detection of AAAs. Ultrasound is limited in the definition of infra- and
suprarenal borders of the aneurysm, presence of periaortic disease, and of evaluation of iliac
arteries aneurysms. Angiography is not usually recommended as routine imaging modality
for AAAs. Additionally, patients affected from BD are more prone to undergo postangiogra-
phy complications like pseudoaneurysm formation at the site of puncture [4, 26]. Computed
tomography angiography (CTA) is a fast, reliable, and reproducible method for preoperative
study of abdominal aortic aneurysms, providing detailed anatomical information like aortic
diameters and segment lengths, as well as three-dimensional (3D) reconstructions and post-
processing. These parameters are particularly needed in case an endovascular aortic repair
(EVAR) is being planned. Magnetic resonance angiography (MRA) is also a reliable imaging
method, but is more expensive and time consuming compared to CTA [18, 26].

2.3. Preoperative assessment

Medical optimization according to best current evidence is mandatory before arterial sur-
gery, and in BD it includes the pre- and postoperative administration of glucocorticoids and
immunosuppressive agents in order to minimize postoperative complications like anasto-
motic pseudoaneurysm formation [12, 27]. All patients should have an evaluation of their
respiratory function, and they should be referred to the specialist in order to optimize respira-
tory function prior to surgery if needed. In case of smokers, smoking cessation is mandatory.
Ischemic cardiac events are a major cause of perioperative morbidity and mortality in aor-
tic and peripheral surgery, accounting for 10-40% of perioperative death due to myocardial
infarction. Cardiac risk assessment is crucial. Detailed patient’s medical history should be
collected, a resting ECG should be performed in all patients, and further investigations such
as stress echo or coronary angiography should be performed if needed [26]. Renal function
should also be assessed prior to surgery, whether open or endovascular. Serum creatinine has
to be measured and glomerular filtration rate (eGFR) estimated. If needed, patients should be
referred to a renal physician for optimization of medications and of renal function prior to
surgery [26]. Preoperative assessment should include a specialist vascular anesthetist’s evalu-
ation for both general (require for open surgery) and local anesthesia (could be considered in
EVAR) [26].

2.4. Open infrarenal AAA repair technique

Open aortic aneurysm repair is usually performed through transperitoneal or retroperitoneal
approach, depending on the specific patient’s needs, on the location of the aneurysm, and
on the surgeon expertise. For infrarenal AAA repair, midline laparotomy is the most usual
approach, consisting of a vertical incision from the xiphoid process to the pubic symphysis,
the extension depending on the involvement of the iliac arteries. After viscera exploration and
retraction, the retroperitoneum is incised on the left of the midline, identifying the left renal
vein and the proximal aortic neck.
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A cornerstone to the surgical treatment of arterial involvement in BD is to perform the anasto-
mosis, whenever possible, in a macroscopically disease-free neck, as far as possible from the
inflamed segment [25]. The dissection continues vertically toward the right iliac artery. For
complete left iliac artery’s exposure, the dissection of mesosigmoid ligament is required. Once
the proximal and distal neck of the aneurysm are identified and dissected, heparin is adminis-
tered and the aorta is clamped proximally and distally to the aneurysm, extending to the iliac
arteries if needed. The aneurysm is incised longitudinally, the mural thrombus is removed,
and lumbar arteries” ostiums are sutured if bleeding. Inferior mesenteric artery may be ligated
or reimplanted, depending on the adequacy of collateral circulation. An adequate sized tubu-
lar or bifurcated graft is then sutured with a continuous nonabsorbable monofilament suture
to the proximal neck (Figure 2). Prosthetic or omentum wrapping on the proximal aortic anas-
tomotic site is described in order to prevent anastomotic false aneurysm formation, which
occurs in 10-50% of the cases [13, 25].

2.5. Endovascular aortic repair

Case 2 (Figure 3): A 45-year-old male BD patient presents with pulsatile abdominal mass. Duplex
ultrasound and a contrast CT scan reveal the presence of an infrarenal abdominal aortic aneurysm
with bulging of the posterolateral wall at the iliac bifurcation. The patient is successfully treated with
a modular aortobisiliac endograft.

EVAR is reported to be an effective and safe alternative to open repair for aortic aneurysms in
BD, since the absence of anastomosis prevents the formation of pseudoaneurysms at their sites
[14, 25]. Patients affected from BD may be better candidates for endovascular treatment than
patients affected from atherosclerotic disease: they usually are younger, have smaller aneu-
rysms, fewer comorbidities, and better renal function [28]. These characteristics positively
affect the outcomes of endovascular interventions in BD: technical success rate is high due to
the nonatherosclerotic nature of the lesions that implies easier introduction and navigation
of endovascular devices inside vessels, mortality rate is lower (0.6 vs. 3.5%), and postopera-
tive hospital stay is shorter when compared to open repair [13, 16]. Preoperative imaging is
essential to EVAR in order to evaluate if the anatomical requirements for the endovascular
repair are met: proximal neck diameter <32 mm, proximal neck length >10 mm, proximal neck

Figure 2. Open repair of a 78-mm abdominal aortic aneurysm (left) in a 42-year-old male BD patient with an aortobisiliac
graft (right).
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Figure 3. Endovascular repair (EVAR) of an infrarenal AAA (left) with an aortobisiliac endograft (right).

angulation <90° [29, 30]. Since the potential proximal progression of the disease, we suggest to
consider a proximal neck length of at least 15 mm, thus preventing proximal leakage subse-
quent to the proximal expansion of the aneurysmatic sac. Anatomical features of iliac-femoral
arteries are also to be evaluated. In BD, it is rare to find narrow, calcified, and tortuous arteries
like in atherosclerosis; however, femoral arteries must be of adequate size since the endopros-
thesis delivery system is introduced through these arteries. Nowadays, low-profile devices
are available, with an outer diameter of 14F (1 F = 0.33 mm), allowing EVAR to be performed
in a large percentage of patients [31].

2.5.1. Technique

The patient is placed in supine position. Bilateral femoral access can be obtained via surgical
cutdown or percutaneous femoral artery puncture. The artery is punctured using Seldinger’s
technique after systemic heparinization. Under fluoroscopic guidance, an introducer is placed
and a starter, hydrophilic guidewire, is advanced across the lesion and substituted with a stiff
guidewire; the latter requires straightening tortuosity of the access vessel and improving the
tracking capabilities of the introduced catheters and devices. On the contralateral access, an
angiographic catheter is placed in aorta proximally to the aneurysm. Most of commercially
available aortic endoprosthesis are modular, composed of a main bifurcated body, a contra-
lateral branch, and in some cases an ipsilateral branch. Angiography is performed and renal
arteries visualized. The main body of the endograft is then introduced and placed just below
the emergency of the renal arteries; in cases of short proximal neck or juxta/suprarenal aneu-
rysms, fenestrated and branched endografts are available. After placing the main body, the
contralateral limb is progressed on a stiff guidewire through contralateral access and placed
under fluoroscopic guidance. The aim of the endograft implantation is to exclude the aneu-
rysmal sac from the blood flow, leading to its shrinkage.

2.5.2. Complications

Endoleaks are a primary complication of EVAR. Endoleaks can be defined as residual leak-
age of blood into the aneurysm and may lead to sac expansion and rupture. Endoleaks have
been classified into five categories according to the site of leakage (Table 2). Type I endoleaks
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1 Ineffective seal 1A Proximal
1B Distal
IC Tliac occluder devices
I Collateral flow inside the A Inferior mesenteric artery
sac 1B Lumbear arteries
I Structural deficit 1A Modular disconnect
1B Endograft rupture
v Graft porosity
v Endotension

Table 2. Types of endoleak.

occur for incomplete sealing in the proximal- or distal-landing zone of the graft. The high-
pressure flow seen in this complication exposes the patient to immediate risk of rupture
and therefore should be treated promptly. Type II endoleaks occur as a result of collateral
backflow into the aneurysm from branch vessels such as the inferior mesenteric or Ium-
bar arteries. Type II low-flow endoleaks usually disappear on subsequent follow-up scans
but as much as 25% require correction which can be performed with open, laparoscopic, or
endovascular approach. Type IIl endoleaks occur in between the modular components of the
endograft or through tears or defects in the graft and can usually be repaired by positioning
additional cuffs or covered stents inside the graft. Type IV endoleaks occur through porosi-
ties in the graft fabric [32]. Type V endoleaks have unknown origin and are characterized by
increased tension inside the aneurysmal sac (endotension). Although Type IV and V endole-
aks are rare, they might lead to sac growth and if that is demonstrated during follow-up,
open surgery for the removal of the endograft and substitution with a traditional prosthesis
is necessary.

Case 3 (Figure 4): A 46-year-old male BD patient presents with pulsatile mass in the right groin, the
site of a previous arterial access for positioning of an EVAR device for exclusion of abdominal aortic
aneurism. DUS and contrast CT scan reveal the presence of a 41-mm pseudoaneurysm at the access
site. The pseudoaneurysm is successfully treated with ultrasound-guided thrombin injection.

Pseudoaneurysm formation at the site of puncture may occur, but these are easier to correct
compared to pseudoaneurysms at the anastomotic site in the aortoiliac region [8, 14, 25]. In
order to prevent this complication, it is recommendable to perform high-pressure compres-
sion at the site of puncture for 8 h after the procedure [7]. The use of closure devices may be an
effective strategy to prevent this complication, though little information is available compar-
ing closure devices to surgical cutdown in these patients [15].

Other rare complications in EVAR include peripheral or visceral embolization, acute renal
failure, and graft migration [26, 32].
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Figure 4. DUS and CT scan of a right common femoral artery pseudoaneurysm at a previous arterial access site in a BD
patient.

2.6. Descending thoracic and thoracoabdominal aortic aneurysm

Descending thoracic aortic aneurysm (DTAA), defined as an aortic dilatation with at least
a 50% increase in diameter located in any segment of the aorta between the left subclavian
artery (LSA) origin and the diaphragm, is an uncommon finding in BD, though its rupture
represents a catastrophic event and a major cause of death.

Crawford’s classification, modified by Safi, of thoracic and thoracoabdominal aortic aneu-
rysms (TAAAs) is based on the extension of the disease: type I extends from the origin of the
left subclavian to the suprarenal abdominal aorta; type II TAA elongates from the left subcla-
vian artery to the aortoiliac bifurcation; type III extends from the distal thoracic aorta to the
aortoiliac bifurcation; type IV aneurysms are limited to the subdiaphragmatic aorta; type V,
introduced by Safi, extends from the distal thoracic aorta to the abdominal aorta involving the
celiac trunk and superior mesenteric artery origins, but not the renal arteries [33].

Chest and back pain are a common presentation of the disease, and physical examination can
evidentiate signs of aortic regurgitation, cardiac tamponade, dyspnea, and dysphagia [33, 34].

Although several imaging techniques are available, such as MRI, positron emission tomog-
raphy (PET), digital subtraction angiography, and intravascular ultrasonography, CTA scan
is currently the gold standard for aortic imaging; it allows a conclusive study of thoracic
aorta, showing an increased size of thoracic or thoracoabdominal aorta, and it can distin-
guish different aortic diseases like acute aortic syndromes (AASs) with a sensitivity up to
100% [18, 35].

AASs are defined as lesions involving disruption of the media of the aorta, with blood flow
between the layers of the vessel or transmurally in the case of rupture [35].

According to Svensson, AASs are distinguished into five classes: class I is the classic aortic
dissection, with a flap between true and false lumen; class II is the intramural hematoma;
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class Il is a limited intimal tear with an eccentric bulge at the tear site; class IV is a penetrat-
ing atherosclerotic ulcer with surrounding hematoma, usually subadventitial; and class V is
represented by an iatrogenic or traumatic dissection [36].

The most dangerous complications of the invasive treatment of DTAAs are spinal cord isch-
emia (SCI), resulting in paraparesis or paraplegia (2-6% of the cases), and stroke (up to 8%).
SCl is due to reperfusion injury to the spinal cord caused by the sudden interruption of blood
flow and its subsequent restoration. Methods like somatosensory-evoked potentials (SSEPs)
and motor-evoked potentials (MEPs) are employed to monitor the spinal cord function; cere-
brospinal fluid drainage, left heart bypass, and cardiopulmonary extracorporeal circulation
with induced systemic hypothermia reduce the risk of SCI [35].

2.7. Open repair

Open surgical repair should be reserved to patients unsuitable for thoracic endovascular aor-
tic repair (TEVAR) in patients affected from DTAA, while remaining the recommended treat-
ment of choice for patients affected from TAAA [35].

The location and extension of the aneurysm determine the site of incision; common approaches
are left thoracotomy at V, VI, VII, or VIII intercostal space (ICS), allowing the exposure of the
descending thoracic aorta from the origin of the LSA to the suprarenal abdominal aorta; left
thoracophrenotomy at VII, IX, or X ICS, with the section of diaphragm, grants access to the
distal thoracic aorta and suprarenal abdominal aorta; midline, paramedian, or bilateral sub-
costal laparotomy are indicated to obtain a transperitoneal access to the suprarenal aorta,
the celiac trunk, and the superior mesenteric artery, while left transverse lateral laparotomy
allows extraperitoneal access to the same segment; thoracophrenolaparotomy permits com-
plete exposure of the whole aorta, from the origin of the LSA to the iliac bifurcation [37].

After exposure and clamping of the aorta, the aneurysmatic sac is incised and, after reimplan-
tation of intercostal arteries distal to T8-T9 and visceral vessels if involved, a Dacron graft is
implanted using the same suturing technique described in the section about open repair of
abdominal aortic aneurysms.

2.8. Thoracic endovascular aortic repair and hybrid surgery

Case 4 (Figure 5): A 26-year-old female BD patient presents with chest pain. After cardiac involve-
ment is ruled out, a contrast CT scan reveals the presence of a pseudoaneurysm of the descending
thoracic aorta. MRI and PET scans are also performed as evidence of aortitis is present (elevated ESR
and CRP). The patient is successfully treated with a tubular endograft.

TEVAR has become the first-choice treatment for suitable patients affected by DTAAs; when
compared to open repair, TEVAR has lower mortality and morbidity rates and shorter length
of hospital stay. In TAAAs, endovascular repair is reserved to those unfit for surgery.

Patients with a distal-landing zone of less than 15-mm length and a proximal neck diameter
of >40 mm are unsuitable for treatment with currently available devices [35].
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Figure 5.CT, MR, and PET scans in a 26-year-old female patient presenting with a descending thoracic aorta
pseudoaneurysm. Lower-right image: exclusion of the pseudoaneurysm with a tubular thoracic endograft (3D
reconstruction).

After gaining mono- or bilateral surgical or percutaneous access to the common femoral
artery, the latter is punctured using Seldinger’s technique after systemic heparinization.

Under fluoroscopic guidance, an introducer is placed and a Pig-Tail is progressed over a
hydrophilic guidewire; a preliminary angiography and road mapping are performed; then
the endoprosthesis’ device is inserted over a super stiff guidewire, progressed to the aortic
valve and retracted under fluoroscopic guidance. Angiography is performed to verify the
correct positioning of the stent graft. Arterial blood pressure is lowered to 70-80 mmHg and
momentary asystole is provoked in order to prevent the wind-shock effect, then the tube-
shaped endoprosthesis is opened.

If one or more sovraortic trunks or visceral arteries are covered by the implantation of the
stent graft, preliminary surgical debranching of these vessels is required. Debranching can be
performed with a previous operation or during the same procedure, prior to the endovascular
stage [12, 35].

Scallop designed, fenestrated, and branched custom-made endografts, with openings in the
fabric or branches in correspondence to the origin of visceral arteries, are currently available
[38].

Periscope and chimney/snorkel techniques, requiring antegrade catheterization from a trans-
brachial access, consist in the placement of a stent graft into one or more branch vessels in
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a parallel path alongside the aortic endograft; these techniques are promising, though sup-
ported by little clinical evidence [35].

2.9. Pulmonary artery aneurysms

Pulmonary artery aneurysms (PAAs), true or false, are the most lethal complication of BD; it
has been reported that about 50% of these patients die within a year after the onset of hemop-
tysis although more recent data show survival rates of up to 80% at 5 years, mainly due to
earlier diagnosis and treatment [39, 40]. Emergency surgery for aneurysm rupture carries
high risk and uncertain results [8].

Hemoptysis, due to arterial-bronchial fistulization, is the most common presentation of these
aneurysms, appearing as polinodular opacities and hilar or mediastinal enlargements on
chest X-ray scan [41].

CTA scan, as stated before, is an important imaging method in BD, allowing detailed analy-
sis of the aorta and other arterial and venous vessels; compared to MR, it also shows lung
parenchyma in greater detail [41]. PAA has strong association with DVT, caval, or intracardiac
thrombus formation [11, 40].

Medical treatment with immunosuppressive therapy is the main treatment for PAAs [19].
Invasive treatment of PAA should be performed only in case of massive, life-threatening
bleeding. Surgical techniques consisting in lobectomy or pneumonectomy of the involved
structure have been reported, but aneurysmectomy with direct suturing of the wall defect has
shown to have better long-term patency rates; additionally, endoaneurysmorraphy seems to
be coherent with the morphology of the false and saccular aneurysms of BD [41, 42]. As in the
other arterial districts, even PAA surgery is burdened with recurrency at the site of suture or
anastomosis.

Endovascular embolization techniques have been described and endovascular treatment
seems to be a safe option: Amplatzer duct occluder and coils have been successfully used
to thrombose PAAs, though some limitations as aneurysmal sac size and complications like
caval embolization have been reported.

Transhepatic embolization of PAA with N-butyl cyanoacrylate glue and coils has recently
been successfully attempted [43].

2.10. Peripheral aneurysms

Case 5 (Figure 6): A 22-year-old female BD patient in corticosteroid and azathioprine treatment is
referred to the vascular surgery department with an accidental finding on a CT scan of a 23-mm aneu-
rysm at the origin of the right subclavian artery. Due to the location and characteristics of the lesion
and the young age of the patient, a strict follow-up protocol with DUS every 6 months and annual CT
scans is recommended. The aneurysm has maintained a stable diameter after 6 years of follow-up visits.

Peripheral aneurysmal degeneration is a common finding among patients with vasculo-Behget.
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Figure 6. CT scan of a 22-year-old BD patient presenting with a right subclavian artery aneurysm.

Physical examination could reveal the presence of a pulsatile, hyperemic, and tender swelling
in correspondence of a peripheral vessel, and all arterial segments should be explored and/
or studied with CTA scan since multiple aneurysms in the same patient have been reported
[10, 15].

Immunosuppressive therapy should be administered immediately, because early diagnosis
and early administration of therapy will help in preventing the formation and progression of
the arterial lesions [10, 20].

Case 6 (Figure 7): A 43-year-old male BD patient presents with pain in the right groin area. Physical
examination reveals a large pulsatile mass. DUS confirms the presence of a 50-mm common femoral
artery aneurysm. The patient undergoes aneurysmectomy with Dacron graft interposition.

Like the other arterial segments, peripheral arterial repair may be complicated by recurrency,
anastomotic pseudoaneurysms, graft occlusion, and distal embolization [12, 44].

Surgical peripheral bypasses of affected arteries have been reported; the use of autologous
saphenous vein is to be avoided, because the vein could be affected by vasculitis or previous
superficial vein thrombosis, and synthetic grafts are to be preferred in these patients [44]. The
choice of a disease-free segment for reconstruction is crucial.

Figure 7. Open repair of a left common femoral artery aneurysm.
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Case 7 (Figure 8): A 30-year-old male patient affected with BD was admitted at our division with
a pulsatile, painful swelling in the right popliteal fossa. DUS showed partially thrombosed popliteal
artery aneurysm. The patient underwent a femoral-popliteal bypass graft using a cryopreserved femoral
superficial artery as an allograft. The procedure was uneventful, and short-term (6-month) follow-up
showed graft patency, no detachment nor aneurysmatic degeneration at the anastomotic site.

The use of allografts has been reported in the case of aortic substitution to be an appropri-
ate therapy in patients affected from noninfectious inflammatory diseases including BD with
uneventful mid-term follow-up [45, 46]. Allografts, if available, could be a valid alternative for
peripheral procedures in BD patients where due to the ongoing vasculitis it might be undesir-
able to employ venous segments.

In cases where surgical peripheral revascularization is not feasible for the absence of a dis-
ease-free arterial segment, ligation after stump pressure measurement has been reported to be
an alternative treatment; successful ligation of carotid, subclavian, iliac, superficial femoral,
popliteal, and posterior tibial artery have been reported [12, 47]. The presence of collateral
circulation allows arterial ligation without disabling ischemia in a large number of patients;
furthermore, peripheral graft occlusion often results in a mild claudication, requiring no addi-
tional revascularization procedure [8].

Endovascular treatment of peripheral aneurysms includes stent graft implantation, with
patency rate of 89% at 2 years, and coil/plug embolization [4, 15, 48].

2.11. Carotid and vertebral artery aneurysm

Case 8 (Figure 9): A 40-year-old male BD patient in immunosuppressive therapy presents with a pul-
satile mass in the neck and a recent transient ischemic episode characterized by a dyspraxia involving
the right upper limb. DUS is performed showing high tortuosity of the left carotid artery with a 40-mm
partially thrombosed aneurysm just distal to the bifurcation. The finding is confirmed by a contrast
CT scan. The patient is referred to surgery. Extensive neck dissection was required for the repair. After
the aneurysmectomy, direct anastomosis between the internal carotid and the common carotid and
reconstruction of a neobifurcation was possible. Patient was discharged on the third postoperative day
with no neurological deficits.

Figure 8. Femoropopliteal bypass grafting utilizing an allograft (left). Right image: aortobisiliac homograft prior to an
implantation.
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Figure 9. Open repair of a symptomatic left internal carotid aneurysm in a BD patient.

Few cases of extracranial carotid artery and vertebral artery aneurysms in BD have
been reported [49-51]. Common carotid artery appears to be the most frequent location.
Symptoms can derive from compression of nearby structures or from cerebral emboliza-
tion from the aneurysmatic sac, resulting in neck pain, voice alterations, dyspnea, transient
ischemic attacks, and ictus cerebri [47]. Rupture of these aneurysms is rare but has been
reported [8].

Surgical treatment includes aneurysmectomy and synthetic graft bypass and, in case of
emergency and impossibility to perform reconstruction, carotid or vertebral artery ligation
[49, 51].

Endovascular treatment of carotid artery aneurysms is an option in cases where the aneu-
rysm is surgically inaccessible, and it includes stent graft implantation and coil emboliza-
tion. However, long-term results of endovascular treatment of carotid and vertebral arteries
involvement in BD are still lacking.

3. Conclusion

Angio-Behget’s patients are challenging from a surgical standpoint. Both venous and arterial
circulations are involved, even in the same patient, with a high rate of recurrence and postop-
erative complications. Though venous involvement is more frequent than arterial lesions, the
latter account for the majority of deaths.

The need for a comprehensive vascular physical and radiological examination in BD patients
presenting features of vascular involvement cannot be stressed enough.

Perioperative immunosuppressive and corticosteroid medications are the key to the success
of any vascular surgical procedure in these patients.
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New endovascular techniques are showing promising results for the treatment of arterial
lesions with lower mortality rates and faster recovery time when compared to open repair.
Technical success rate is close to 100%. Even though graft occlusions are not infrequent, they
could be managed through endovascular-assisted patency procedures.

Open repair entails a high risk of pseudoaneurysm formation at the anastomotic site, and
should therefore be reserved to cases unsuitable for endovascular procedures or where the
latter have failed. Allografts could be a valid alternative to the use of autologous saphenous
vein or prosthetic grafts for arterial substitution, though further studies are needed.

The management of venous lesions is mainly medical, and endovascular stents for the treat-
ment of venous vessels are not yet available in a clinical setting.

The evolution of minimally invasive techniques is tracing new paths in the surgical man-
agement of Angio-Behget's patients, broadening the array of tools available to the vascu-
lar surgeon and enabling him/her to tailor the treatment based on each patient’s peculiar
characteristics.
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